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Executive Summary 
 
The use of signals from Global Navigation Satellite Systems (GNSS) for various 
industrial applications has increased tremendously increased over the last ten 
years. With the evolution of new technologies and the launch of new satellite 
systems by different countries, new applications of these signals have 
emerged. A change in technology creates a need for training. The existing 
industries and new entrants need to learn and get trained to improve and 
sustain business performance. 
 
This project aims at understanding the current GNSS training market to narrow 
down on specific industrial sectors, which have training needs, that could be 
commercially exploited by GRACE, the organization for which the project is 
undertaken. The analysis of whether elearning can be used as a method of 
training is also performed. 
 
Based on analysis, training programmes are then designed on subject areas 
catering to specific industry needs. Potential challenges in designing training 
are also discussed. A list of recommendations is provided to GRACE in the end 
of the report.   
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1. Introduction 
Innovation and technology have been the most important reasons for the 
growth of economy in the last two decades. The growth in one technology has 
had a positive influence and has led to many innovations in a different 
technology. For example, the growth of internet and communication 
technologies has impacted many industries and growing economies. It has also 
influenced the innovation of other emerging technologies; one of them being 
using satellite systems signals by various industrial sectors ranging from 
aviation to agriculture. 
 
According to the National Aeronautics Space Administration (NASA) Global 
Navigation Satellite Systems also known as GNSS send radio signals to the 
HDUWK WKDWKHOSVGHWHUPLQHDQREMHFW¶VSRVLWLRQ and direction (NASA). The use 
these GNSS signals has grown immensely and led to the development of 
hundreds of applications affecting every aspect of modern life (Gps.gov.b).     
 
In this project, the current GNSS market and the various training providers of 
GNSS and related applications are analyzed; the aim of this project is to 
narrow down on specific training needs in GNSS and design a training method 
that would suit the current working model of GRACE, the organization for 
which the project is undertaken. 
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1.1 Focus/Scope of this Study 
The scope of this dissertation topic is three fold and its focuses on: 
 
Figure 1: Focus/Scope of this Project 
Completing the above mentioned tasks, requires a comprehensive study and 
understanding of the current and future GNSS markets, the application areas 
of GNSS, the training needs of GNSS applications in various industry segments 
as well as the personnel within an organization who would require training. 
 
This project also requires interaction with subject matter experts, researchers, 
professors and industry experts from various application areas of GNSS. The 
evaluation of whether µeLearning¶ can be adopted as a potential method of 
training is also discussed. 
 
 
 
1) To understand the training 
market for GNSS and related 
applications, 
2) Narrow down on a specific 
need of training that has scope 
for future investment for the 
organization and 
3) Design a training programme 
based on that specific need  that 
VXLWV*5$&(¶VFXUUHQWPRGHRI
operation.
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1.2 Research Questions 
Some of the important questions that this report attempts to answer are: 
1) Who are the training providers in GNSS and related applications?  
2) What type learning solutions/training programmes are provided by 
training providers involved with GNSS? 
3) Do companies that utilize GNSS applications suffer from a lack of 
training in GNSS related application areas? If so, in which areas and 
who needs to be trained?  
4) Does training in GNSS related applications have a future market? 
5) Is it possible to use eLearning as a method to train organizations? 
 
Before I begin to answers these questions at different stages of the report, I 
would like to provide a brief explanation on the structure of the report.  
 
1.3 Report Outline 
The report begins with the literature review which explains the fundamental 
concepts of GNSS and its applications in the various industries. The literature 
review would also include a theoretical understanding of various methods of 
designing a training programme. A thorough analysis of current and future 
GNSS market is also performed. This section provides a brief description about 
the organization GRACE and their current working model. 
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The next section of the report explains data collection and research 
methodologies conducted as part of this project. This is followed by the 
analysis section which includes a thorough research on various GNSS training 
providers. This research would also include investigation of topics on which the 
training is provided and the current methods of training. The results of the 
various interviews conducted with industry experts, researchers and professors 
are also included in this section. 
 
The key findings from the previous section are identified and further 
analyzed. This analysis would help to narrow down on specific aspects that 
require training and whether elearning could be used as a possible method.  
 
The next section would involve the design phase of training which involves 
framing the objectives, deciding on the learning outcomes of the training 
programme. In the end of the report, few recommendations are provided to 
GRACE. Some of the challenges faced while working on this project is also 
discussed. 
 
A road map is given at the beginning of every chapter which provides a list of 
topics covered under that chapter.  
Note: ,QWKLVUHSRUWWKHWHUPµWDUJHWDXGLHQFH¶RUµWDUJHWSRSXODWLRQ¶RUµOHDUQHU¶UHIHUVWRWKH
people who need to be trained in an organization. Also training programmes are sometimes 
UHIHUUHGWRDVD³FRXUVHV´ in this report. 
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2. Literature Review 
A Literature review attempts to understand and review the various theories 
and substantial findings in relation to the area of study. In this project, this 
literature review is made up of three distinct sections that required 
comprehensive understanding for the completion of this project.   
 
First, it is necessary to explain some of the fundamental concepts behind GNSS 
and its applications. This is because of the complex nature of the 
technology and the technical aspects involved. It is also important to 
understand some of the limitations and vulnerabilities of GNSS. A thorough 
understanding of GNSS, its related applications and limitations would 
help in analyzing and narrowing down on a specific training need and 
target audience.  
 
Next, this chapter attempts to review the literature on various methods for 
designing a training programme. This analysis would help in selecting the best 
training method that could be applied to the selected training area. The 
additional aspects to be considered if elearning is used as a method of training 
are also discussed. A thorough analysis of GNSS market is also performed; this 
provides an insight of the current scenarios and the future growth of GNSS and 
its related applications.  
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Towards the end of the literature review, an overview of GRACE, the 
organization for which this project is undertaken, is provided. It is also 
important to have a complete understanding about the organization and their 
approach towards GNSS training. 
 
A road map of the topics covered in this chapter is given below: 
 
Figure 2: Road Map of Literature Review 
 
2.1 Global Navigation Satellite Systems ± An Overview 
GNSS is a generic term used for space based systems that transmits signals 
(Royal Academy of Engineering, 2011). The space satellites systems were originally 
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developed as Global Positioning Systems (GPS) by the United States of 
America to support military operations. (NASA) 
 
Figure 3: A Constellation of GPS satellites orbiting the earth (courtesy gps.gov, a) 
It involves a satellite system or a constellation of satellites that sends 
radio signals to the earth where receivers on the ground collect them. These 
receivers convert the radio signals into position (location), navigation 
(direction) and timing information. Some of receivers have the ability to 
provide additional information for example street signs, name of road, the type 
of terrain etc. This information is also stored and processed by systems known 
as Geographic Information Systems (GIS). These systems in turn are used 
in a variety of applications. (NASA) 
 
A Presidential Decision Directive (PDD) declaring that GPS signals as a 
free of direct user fees and that they can be used as international 
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information utility for commercial and civilian purposes was issued by former 
US President Bill Clinton in the year 1996 (NASA).  Many industries since 
have come up with innovative applications to use these signals to significantly 
improve their business performance.  
 
2.1.1 Other GNSS systems under development 
The extensive and potential applications of GNSS signals has resulted in 
Europe and Russia developing their own satellite systems namely GALILEO 
and GLONASS respectively. Though GPS developed by the United States of 
America (USA) is currently the only fully functional satellite navigation system, 
GLONASS is near to achieving full operational mode and is currently used for 
some of the commercial applications (Coordinates, 2009). 
 
(XURSH¶V RZQ *166 GALILEO is expected to be fully operational by 2014 
(Eec.europa.eu). It is expected that the launch of GALILEO will enable high 
accurate positioning down to the meter range and guarantee high 
availability under extreme circumstances (esa.int). 
 
GALILEO is expected to be interoperable with GPS and GLONASS which this 
allows users to obtain maximum benefits from their synergies. Common users 
will be able to use the same GNSS receiver to obtain signals from any of the 
satellites (esa.int). 
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2WKHU SURPLQHQW VDWHOOLWH V\VWHPV XQGHU GHYHORSPHQW LQFOXGH &KLQD¶V
Beidou/Compass -DSDQ¶V Quasi Zenith Satellite System (QZSS) and 
,QGLD¶VIndian Regional Navigation Satellite System (IRNSS). (Coordinates, 
2009, jaxa.jp, Irnssindia.com) 
 
Now that we have understood some of the basic concepts of GNSS, let us see 
some of the applications of GNSS signals in detail. 
 
2.2 Applications of Global Navigation Satellite Systems     
Realizing the potential applications of these signals, the usage of GNSS has 
been extended to a variety of commercial and civilian applications. Some of 
the industries where GNSS related applications are used extensively are 
aviation, farming, construction, mining, land surveying, mapping, 
package delivery, and logistical supply chain management, space,  
disaster management etc. These signals are also used for weather 
forecasting, earthquake monitoring, and environmental protection. It is 
also being extensively for military operations to monitor military vehicles and 
munitions. (GPS.gov, b) 
 
With the growth and extensive use of the internet, GNSS based applications 
are widely used in mobile phones for the purposes of personal navigation. Here 
are a few details on how GNSS signals are used for commercial and civilian 
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purposes. Though there are plenty of other applications, let us see some of the 
significant industrial sectors where these signals have played a vital role. 
Note: In the applications described in this chapter, the term µGNSS¶ is used to explain instead 
of µGPS¶, as GNSS is a generic term for all satellite systems. The term µ*36¶LVUHWDLQHGZKHQ
referred to satellite systems developed by the USA. 
  
Aviation: GNSS signals are used currently to improve the efficiency and safety 
of flight. These signals offer accurate positioning and location of the flight 
thereby ensuring close monitoring of flights during departure, en route, and 
arrival. The use of GNSS signals has improved the possibility of identifying new 
and efficient routes. This has resulted in saving time, fuel, and increasing 
cargo revenue. (Gps.gov.b) 
 
Logistics and Transportation: GNSS signals play an important role in field of 
logistics and transportation. In the past, fleet owners and transportation 
service providers had no control over the employees who drove off goods and 
supplies. There are a lot of small and medium sized enterprises (SMEs) 
operating in this sector and they had no concrete methods to measure their 
fleet performance. Some of the issues faced included unauthorized usage, fuel 
economy, idle time and vehicle theft (Fleetmatics.co.uk, Approvedindex.co.uk). 
 
The use of GNSS trackers in vehicles and remote monitoring has enabled 
organizations to check and track employees without leaving their offices. These 
devices installed in vehicles transmit the accurate location to remote receivers 
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DW WKH HPSOR\HUV¶ ORFDWLRQ (PSOR\HH DFWLYLWLHV DQG shipments could be 
monitored effectively and cost effective solutions can be implemented to 
increase productivity. Fleet tracking has enabled companies to improve 
dispatching by sending the vehicle closest to the location, select the best and 
efficient routes, estimate employee performance and driver habits, and 
recognize unauthorized usage of their vehicles. Some tracking devices also 
communicate traffic information, which enables the selection of the least 
congested route and thereby improve efficiency (Fleetmatics.co.uk, 
Approvedindex.co.uk).  
 
Surveying and Mapping: GNSS signals provide positioning information for 
natural and artificial features such as rivers, forests, mountains, and many 
other resources. It is this position information that is provided as an input to 
geographic information systems (GIS) that manipulate and store this 
information which enables various government agencies and scientific 
organizations to make informed decisions on usage of natural resources 
(Gps.gov.b). 
 
Agriculture: In the past, farmers struggled to associate their production 
techniques and crop yields due to land variability. This restricted their ability to 
develop the effective soil and plant treatment methods that could have 
improved their production. The growth of precision agriculture has been 
primarily made possible by using GNSS signals (Gps.gov.b).  
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GNSS-based applications enable farmers to map soil variation. This map along 
with tracking has enabled farmers to efficiently use fuel, fertilizers and 
pesticides (Rmtracking.com). This allows farmers to operate during poor visibility 
field conditions such as dust, rain, and fog. This method of agriculture is now 
changing the way farmers and agriculture oriented businesses view the land 
from which they attain benefits and have been extensively applied in various 
developing and developed countries (Gps.gov.b). 
 
Personal Navigation: Over the last few years with the growth of the internet 
and technological improvements, GNSS signals are being extensively used for 
the purpose of personal navigation. GNSS devices used for car navigation allow 
positioning and guidance for road users.  
 
Most of the leading mobile phones have ability to receive GNSS signals and 
they provide free navigation services. Many mobile phone applications have 
location based functions that provide ease of navigation to the users (GSA 
Market Report, 2010). 
 
Forensics and Crime: GNSS signals are also used to fight crime nowadays. 
According to Professor David Last, when vehicles carrying navigators are used 
for criminal purposes, records of these GNSS devices which contain a history of 
vehicle movements can be examined. This provides valuable information for 
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crime investigators who use newly developed forensic techniques with a 
combination of computer expertise and navigation knowledge (Last, 2009). 
 
Disaster Management and Environment: GNSS signals have played an 
important role for search and rescue teams in providing relief efforts for 
natural disasters such as tsunami and hurricanes. GNSS was used when the 
tsunami struck the Indian Ocean region (2004), and during hurricanes Katrina 
and Rita (2005). GNSS signals and related technology have been used to 
generate maps of the disaster areas for rescue operations and to assess the 
damage (Gps.gov.b). 
 
GNSS technology also plays a vital role in the management of earthquake 
prone regions and wildfires. In regions such as the Pacific Rim which are prone 
to regular earthquakes, these signals enable scientists to identify the precise 
position where the earthquakes originated and how it slowly builds over time.  
This helps scientists to research on the characteristics of earthquakes and their 
origination which in future may help in anticipating earthquakes. In order to 
manage forest fires, aircrafts use GNSS signals with infrared scanners to 
identify ³KRWVSRWV´DQGILUHERXQGDULHVThis information provides firefighters 
and rescue teams to effectively control the spread of fire (Gps.gov.b). 
 
Future Applications: With many satellite systems being launched and the 
possibility of new signals improving accuracy on the horizon, there are many 
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planed applications of GNSS signals (Royal Academy of Engineering, 2011 and esa.int). 
Here is one of them that could be implemented in the near future. 
 
Road Pricing and Pay per Use Insurance: GNSSMeter, a project that is 
under development offers enhancements of the existing road tolling system. 
The solution involves implementing a road pricing and insurance (pay per use) 
policy using GNSS meter systems to evaluate individual road usage. Apart 
from encouraging vehicles to use the navigation capabilities of GNSS, the 
meter system is said to justified, accurate and serves as an enhancement of 
the existing road tolling system. (GNSSMeter.eu) 
 
2.3 Potential Limitations and Vulnerabilities of GNSS 
So far, we have seen some of the fundamental concepts of GNSS and the 
various industrial sectors where it is used extensively. It is also necessary to 
understand their vulnerabilities. In the past, satellites on rare occasions have 
broadcasted dangerously incorrect signals. The receivers have incorrectly 
processed valid signals leading to unpredictable results. GNSS signals are 
generally weak have also suffered from deliberate and unintentional 
interference at the receiver end (Royal Academy of Engineering, 2011). In order to 
avoid vehicle tracking criminals nowadays use signal jammers to disrupt the 
signals rendering GNSS vulnerable for safety critical applications (Last, 2009). 
Also, these signals are vulnerable to disruptions in the atmosphere through 
they pass through which leads to large and unexpected errors (Royal Academy of 
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Engineering, 2011). Another major threat of GNSS is from the sun, where solar 
variations can affect adversely GNSS signals (Nottingham.ac.uk, a). Human 
factors such as user equipment/satellite design and lack of knowledge and/or 
training has also produced erroneous results (Coordinates, 2009).   
 
Some of these errors have resulted in partial or complete loss of the 
positioning and timing service, poorer accuracy, very large jumps in position, 
navigations or time information, and µhazardously misleading information¶
(HMI). HMI is the information that is dangerously wrong in critical applications 
such as aviation, military etc (Royal Academy of Engineering, 2011). 
 
There are various technical reasons behind the loss of availability, integrity and 
reliability of these signals. It is believed that the improvements in the 
technology, design and the launch of new satellites constellations (GALILEO) 
would enable extensive use of GNSS signals for high precision and safety 
critical applications (ec.europa.eu). Extensive research by various universities 
and organizations has been carried out in areas related to integrity of GNSS 
signals and how to overcome and mitigate some of their vulnerabilities (Royal 
Academy of Engineering, 2011). 
 
From this section, it is understood that GNSS is complex and sophisticated 
technology that has numerous use and applications despite having some 
limitations.  
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2.4 GNSS Market Analysis 
In the previous section, we have seen some of the fundamental aspects of 
GNSS and its use in various industrial sectors. It is also important to 
understand the current and future market for GNSS related products and 
services. This market analysis divides the use of GNSS related products and 
services by industries and regions where they are used extensively. Four main 
industrial sectors where GNSS is currently and extensively used are considered 
for analysis.  
 
2.4.1 Industry Analysis  
According to the European GNSS Supervisory Agency (GSA), the GNSS 
related products and services are dominant in mobile phones and road 
navigation sectors and the trend is expected to continue over the next ten 
years. A significant growth and substantial increase in revenue is forecasted. 
The expected compound annual growth rate (CAGR) is 11% (GSA Market Report, 
2010). 
 
The location based services are the hardware and software applications 
used in GNSS-enabled mobile phones, whereas road navigation includes 
GNSS devices and services used in cars, containers etc.  Thousands of location 
based applications for mobile devices have been developed over the years. 
GNSS is expected to continue contributing to logistics and fleet management 
with nearly 11 million vehicles (6 million in North America and 5 million in 
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Europe) equipped with GNSS devices by 2009. GNSS signals are also expected 
to play an important role in road user charging with GNSS systems being used 
for toll collection (GSA Market Report, 2010). 
 
The production of GNSS devices are also expected to increase with an average 
growth of 10% reaching 1.1 billion shipments by 2020. The sale of GNSS 
devices expected to increase predominantly in personal navigation and road 
transportation sector especially in Europe and America (GSA Market Report, 
2010). (Refer Appendix A for the market share of GNSS applications.) 
 
Other sectors Aviation and Agriculture are expected to possess a relatively 
slow growth rate. This is predominantly because of the heavy regulation, 
safety concerns over the availability and integrity of GNSS signals. 
Government organizations such as European Geostationary Navigation Overlay 
Service (EGNOS) are organizing initiatives to improve the robustness and 
integrity of the GNSS signals. The long life cycle of aircraft (> 20 years) 
means the implementation would take time (GSA Market Report, 2010).  
 
GNSS is also expected to grow in the field precision agriculture with price of 
high precision GNSS devices being an important barrier. The increase of 
awareness of the use of GNSS in agriculture, the increase in the number of 
devices manufactured and the fall in prices of both high and low precision 
devices, would promote the use of GNSS related products in agriculture (GSA 
Market Report, 2010). 
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2.4.2 Regional Analysis 
The expected sales of GNSS related devices and products are divided as per 
industry sector and the region of use. Europe and North America currently 
possess nearly 50% of GNSS related companies and are expected to dominate 
over the next ten years as well (GSA Market Report, 2010). (Refer Appendix B for the 
chart that contains the number of GNSS devices expected to be sold by 2020 in the four 
industrial sectors aviation, agriculture, mobile devices and road navigation)  
 
Other sector where GNSS is expected to grow includes surveying, mapping and 
maritime. Portable GNSS units are preferred by ship owners that could be used 
in cars as well. GNSS is also expected to be used extensively for military 
operations. Till 2006, the U.S. Government had spent close to 26 billion dollars 
for developing GPS and equipping its forces and weapons systems. China and 
Russia are also utilizing the satellite systems in their military operations 
(Arthouse.com). 
 
As mentioned earlier, various governments have been taking initiatives to build 
and promote GNSS, its related products and services (Coordinates, 2009, jaxa.jp, 
Irnssindia.com).  
 
The above market analysis clearly shows that GNSS industry is definitely 
attractive and a fast emerging industry. 
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The market analysis and future trends clearly shows that the expanding use of 
GNSS signals and related applications will require many companies from 
different industrial sectors to adopt it, in order sustain or create their 
competitive advantage. The launch of new satellite systems which are 
interoperable with each other contributes to new signals with improved 
performance (esa.int). The availability of these new signals prompts 
improvement in technology and methods as future user equipments must be 
capable of handling signals from multiple satellites (Pullen, 2007). Thus 
companies need to be trained in using new technologies and methods to 
improve their performance.  
 
2.5 An Introduction to creating Training Programmes 
The importance of learning IRUDQRUJDQL]DWLRQ LVH[SODLQHGWKURXJK1RQDND¶V
dynamic theory of organization knowledge creation. According the Nonaka, 
there are two types of knowledge, tacit1 and explicit2 . The learning which 
involves conversion of explicit knowledge (available in manual or training 
programmes) to tacit knowledge (inherent within the learner) is called 
internalization (Nonaka, 1994). Various training programmes that are designed 
fall under this category. 
 
                                                             
1 Tacit Knowledge has a personal quality, which makes it hard to formalize and communicate 
as it is deeply rooted in action, commitment and involvement in a specific context. (Nonaka, 
1994) 
2  Explicit knowledge refers to knowledge that is transmittable into formal systematic 
language. (Nonaka, 1994) 
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As this project involves evaluating the training needs of GNSS and creating a 
design accordingly, it is important to understand some of the training models 
and methods proposed in various literatures. Analyzing various models would 
help to find out the list of activities that needs to be done while designing a 
training programme. Before we begin to examine them, let us see some the 
reasons behind the presence a training need. Here are a few viewpoints on 
how a training need arises. 
 
Darryl L. Sink, the founder of Darryl L. Sink & Associates, Inc (DSA), a 
company that designs and develops learning programmes mentions that  
³7KHEHVWSODFHWRstart when deciding an organization needs training solutions 
is to understand the business and individual needs that underlie the training 
initiative. This requires defining the business drivers for training programme 
GHYHORSPHQW´ (Sink, 2010). 
 
According to Robbins and Judge ³&RPSHWHQW (PSOR\HHV GRQ¶W UHPDLQ
competent forever. Skills deteriorate and can become obsolete and new skills 
need to be learned. 7KDW¶VZK\RUJDQL]DWLRQVVSHQGELOOLRQVRIGROODUVHDFK\HDU
RQIRUPDOWUDLQLQJ´ (Robins and Judge, 2007).    
Robins and Judge state that training is predominantly directed at four skills 
categories ± basic literacy, technical, interpersonal and problem-
solving. They also emphasize that most training is oriented towards upgrading 
and improving the technical skills. The evolution of new technologies like 
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computer monitored engines, GPS, electronic systems and changes in 
organizational structures are the main reasons as to why technical training 
is becoming more and more important. Organizational structures have become 
flatter, traditional departmental barrier structures have been broken, which 
has required employees to be widen their skills (Robins and Judge, 2007). 
 
John H.McConnell also echoes the same opinion explaining that jobs have 
become organizational specific and technical. Only the qualification of few 
candidates meets the requirements. He also states training need is not limited 
by industry or the size of the organization (McConnell, 2002). 
 
There are various steps that need to be followed with designing a training 
programme. Many theories, frameworks and models have been proposed to 
help design a training programme. These models are known as Instructional 
System Design (ISD) models (Sink, 2010) 
 
2.5.1 The Original ADDIE Model 
In 1973, the Center of Performance Technology at the Florida State University 
developed a training model for the Army, Navy and Airforce of the U.S. 
Department of Defense (Nwlink.com). 
 
The training model known as the ADDIE model consists of five phases that are 
executed in a linear fashion; each of the phases contains a procedure of steps 
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that need to be followed and the output of one phase serves as the input of the 
other. These phases are to be executed in a linear order (Allen, 2006). 
 
Figure 4: Original Air Force training Model 
According to the original model, the five phases include: 
The first phase includes analysis of the immediate job requirements. This 
includes analyzing training requirements through current job and task 
analyses. This is followed by defining training requirements which includes 
performing a needs analysis to decide whether the training is required, 
understanding the target audience, selecting the list of topics for training (Allen, 
2006). 
 
During the next phase, the objectives which define what the learners would be 
able to obtain after completing the training programme, the form of training 
and the acceptable standards of performance are developed. Tests and 
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PHWKRGV RI HYDOXDWLRQ DUH FUHDWHG WR PHDVXUH WKH OHDUQHUV¶ SHUIRUPDQFH RQ
each objective (Allen, 2006). 
 
The next phase involves creation of training materials; this is followed by 
conducting the training programme and evaluating the learners. In the final 
phase, the training material is actually field tested and its effectiveness is 
evaluated. Based on the results of this evaluation, alterations or improvements 
are made in the training programme (Allen, 2006). 
  
This original model that was developed shows that feedback is provided during 
each and every phase. Also, it shows that the environment constraints the 
designers to what is possible (Allen, 2006). According to Michael Molenda, a 
popular researcher in the field of educational technology, the model was a 
success in the field of military and was used in other industries as well (Molenda 
et al., 1996). There has been a lot of research carried out on the effectiveness of 
this training model and modified versions have been presented. 
According to Smith and Ragan ³Constant changes in the instructional 
environment, increasingly complex job requirements, new instructional 
technologies, emerging automated instructional development tools, and other 
changes, stretched the capabilities of the ADDIE process´ (Smith & Ragan, 2005). 
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According to the U.S. Army training manual (1984), ³,Q WKH ,6' SURFHVV
nothing is done in isolation, nor is all done in a linear fashion; activities of 
various phases may be accomplished concurrently´ (Nwlink.com) 
 
Figure 5: Organizational System Functions Supporting the ADDIE Process 
2.5.2 Revised ADDIE Model  
Following this a revised model of the ADDIE was created, that enabled training 
designers of varying levels of expertise to use it. In this model, ADDIE 
interacts with other departmental functions such as the management, support, 
administration and delivery of the organization (Allen, 2006). The management 
would be involved in directing and controlling the entire process and 
operations. The support would take care of maintaining all parts of the system, 
while the administration takes care of day-to-day processing. (Smith & Ragan, 
2005) 
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Changes had also been made to the ADDIE model as well. Though the basic 
phases have remained the same, the changes have been made in the activities 
executed within each phases. Also, modifications have been done to the 
interaction level of each of these phases (Allen, 2006).  
 
The function of evaluation is central and takes place at every phase to validate 
the effectiveness of each function. Also, this model allows the training designer 
to revisit each and every phase and make changes according to the nature and 
scope of revision. A small description of activities performed under every phase 
is given below: 
 
Analysis phase: A complete analysis of the skill and the knowledge level of 
the audience attending the training programme are evaluated. The need and 
the area of the training programme are also analyzed. The difference between 
what the audience already know, what they job function requires them to know 
is found out. Job analysis uses data from many sources. Training Designers 
make use of various reports and surveys data to evaluate the actual job 
requirements (Allen, 2006). A Training Needs Assessment (TNA) is performed to 
find out the actual problem areas (Rossett, 1999). 
 
Design Phase: In this phase, a detailed implementation plan of the activities 
that needs to be conducted, the resources, media and methods that would be 
used are established. The activities include formulation of instructions and 
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objectives that are directly related to customer requirements. All the set of 
activities performed in the design phase are based on the analysis carried out 
on the need and target audience (Allen, 2006). 
 
Development Phase: The next phase involves development of training. The 
training materials are validated against the learning objectives. Sometimes the 
training is conducted to small try out groups and changes are made as per the 
feedback given (Allen, 2006). 
 
Implementation Phase: Once the training materials are ready and 
operational, the training is conducted to the target audience. The training 
material is assessed by the OHDUQHU¶V performance, as well as from the 
feedback provided by the learner (Allen, 2006). 
 
Evaluation Phase: The process of evaluation is continuous and is conducted 
at every stage (Allen, 2006). When the training material is updated or revised, all 
these forms of evaluation have to be used. (Refer Appendix C for the three categories 
of evaluation)  
Most of the other training models that have been developed by various 
theorists and practitioners have used some form of the ADDIE model 
(Nwlink.com).  
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2.5.3 5RPLV]RZVNL¶V Model 
Romiszowski suggests that in order to develop a successful solution, the 
concept of instructional systems design can be related to 3RO\D¶V PHWKRG RI
problem solving. Here is a table that shows some of the main steps involved. 
Polya's main steps 
in problem-solving Main Stages in Instructional Systems Design 
Understand the 
problem 
1. Decide the problem  
2. Analyze the problem  
Devise a plan 
3a. Select solution(s) 
3b. Develop a plan or prepare a curriculum 
Carry out the plan 
3c. Prepare detailed plan for execution 
3d. Develop the resources e.g. learning materials,  
4. Implement the solution 
Look back 
5. Evaluate the results of implementation by monitoring 
and look for improvements 
Table 1: 5RPLV]RZVNL¶V0ain Stages of Instructional Systems Design 
 
Romiszowski also suggests an information map that contains various methods 
to complete the task of understanding the problem and devising the plan. This 
map contains the list of tasks that needs to be completed and details of how 
they need to be completed. (Romiszowski, 1981) 
Of all the phases/stages involved in the process of training design, the first two 
phases; Analysis and Design (as per the Revised ADDIE model) or stages 
1, 2, 3a of Romiszowski model needs to be carried out as per the scope of the 
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project. Lets us look into some of the methods to carry out the training 
analysis and design. 
Note: $QLPSRUWDQWSRLQWWRFRQVLGHULVWKHGLIIHUHQFHEHWZHHQGHVLJQRIWUDLQLQJDQGµGHVLJQ
SKDVH¶ RI WUDLQLQJ The design phase is one of the five phases in the process of training 
design. 
2.6 Training Analysis Phase 
As we have seen from the ADDIE model as well as Romiszowski Information 
map, the process of analysis is very important. Here are a few methods 
proposed to carry out training analysis: 
 
According to Geri McArdle, a training need analysis is done in stages, with the 
results of one stage acting as an input for the next.  A typical training need 
analysis IRU LGHQWLI\LQJ DQ RUJDQL]DWLRQ¶V WUDLQLQJ QHHGV is made up of four 
steps (McArdle, 1998). Though this literature is targeted towards identifying 
training needs within an organization, the concepts that can be adapted to a 
training solution provider are mentioned in this report.  
 
)LJXUH*HUL0F$UGOH¶VVWHSVWR perform training need analysis 
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Let us see some of the tasks that need to be carried out in each of these 
steps: 
 
Surveillance: This process involves obtaining a snapshot of the current 
environment. This would be analyzing the present scenarios by examining the 
current situation, the potential target audience who could be affected by 
changes in the environment (McArdle, 1998). As a training need normally arises 
as a result of change in technology or organization structure (Robbins and Judge, 
2007), it is necessary to have a clear cut idea of the change or the need of 
change in performing the training analysis. 
 
Investigation: This step involves gathering data based on the research done 
in surveillance in order to perform the training need analysis. It is necessary to 
understand the current training methods in the related areas of research.  
Some of the key data sources that could be used are reports, official 
documentation (also known as hard data) as well as through individual 
interviews and opinion questionnaires (also known as soft data). There are 
also various types of interviews that could be conducted for the purpose of 
research (McArdle, 1998). (Refer Appendix D for the types of interviews that can be 
conducted as part of the investigation process) 
 
Based on the interviews, questionnaires and the official documents available, a 
decision is made on the training area and the target audience (McArdle, 2006). 
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Analysis: The next step is performing further analysis on the information 
gathered. The process of analysis can be divided into three steps. While goal 
analysis which involves working towards the learning outcomes of the 
training programme, the organizational analysis involves completely 
XQGHUVWDQGLQJ WKH RUJDQL]DWLRQ¶V UHTXLUHPHQWV with regards to the 
training programme. This analysis includes evaluating WKH RUJDQL]DWLRQ¶V
goals, their key products, resources etc. The third type is the job analysis, 
ZKLFKLVJDWKHULQJGHWDLOHGLQIRUPDWLRQDERXWDSHUVRQ¶VMREWRSLQSRLQWwhere 
the training is required (McArdle, 1998). 
 
Report: The final step is reporting which involves creating a report of the 
results obtained in the steps of surveillance, investigation and analysis (McArdle, 
1998). 
 
2.6.1 Information Map Method  
Romiszowski suggests that the entire process of the training analysis can be 
done by using an information mapping method.  
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)LJXUH5RPRLV]RZVNL¶VPHWKRGWRSHUIRUPWUDLQLQJQHHGDQDO\VLV 
 
Detailed tables containing the methods of executing each of these tasks need 
to be created. The chart and tables created by this method clearly suggests 
that in order to develop a training programme extensive level of details of the 
target audience and the tasks currently performed by them are required 
(Romiszowski, 1981). Some of the interesting methods that are suggested to carry 
out the analysis include: 
 
Activities that could be executed at Level One Analysis 
1) Investigate to establish the difficulties of performing a job. Conduct 
analysis of various subject areas. 
2) Perform analysis of job market, existing curriculum and turnover rates 
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3) $VVHVVWKHXVHIXOQHVVRIWDNLQJWKHFRXUVHIURPDOHDUQHU¶VYLHZ  
4) Conduct interviews with professors/teachers who are familiar with the 
target population. 6HOHFW NH\ RU XVHIXO WRSLFV EDVHG RQ H[SHUW¶V YLHZ 
(Romiszowski, 1981). 
 Activities that could be executed at Level Two Analysis:  
1) Analyze the topics, tasks and objectives that need to be created and 
structured as part of the training. 
2) Analyzing the current knowledge levels of the target population to obtain 
idea about level of the course that needs to designed. Create 
prerequisite skills or knowledge essentials for satisfactory performance 
(Romiszowski, 1981).  
 
0F$UGOH¶V IRXU VWHSV DQG 5RPLV]RZVNL¶V LQIRUPDWLRQ PDS PHWhod involve 
executing similar steps to find the training neHG 0F$UGOH¶V PRGHO FOHDUO\
demarcates the analysis into four steps; while the information map method 
provides a list of tasks that need to be executed. Both these models are used 
as references for carrying out the analysis phase. 7KH VWHSV RI 0F$UGOH¶V
meWKRGDQG VRPH RI WDVNVPHQWLRQHG LQ WKH5RPLV]RZVNL¶V LQIRUPDWLRQPDS
such as interviewing experts, setting prerequisites for training were followed. 
 
2.7 Design Phase 
Gagne, Briggs and Wager suggest the process of analysis lead to the 
identification of what must be learned given a certain lesson and course 
purposes. The process of designing a training programme is also concerned 
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with deciding the outcomes of the learning; what the learner would achieve at 
the end of the course. The learning outcomes enable in formulating the key 
objectives of training programme. This in turn leads to the process of creating 
objectives, which need to be non-ambiguous statements (Gagne et. al, 1979). 
 
Creating Objectives: According to Gagne and Briggs, the choice of verbs in 
defining of objectives is a matter of critical importance. They categorize verbs 
that need to be used in the objectives into verbs for action, intellectual skills, 
cognitive strategy, information, attitude etc. based on the nature of the 
learning outcome (Gagne et. al, 1979). (Refer Appendix E for the list of verbs that could 
be used to frame objectives) 
 
Apart from providing a clear idea about the learning outcomes, the objectives 
also help assist the learner to identify the prerequisites skills that must be 
learned. This is followed by a process of sequencing which explains how the 
topics and units need to be organized in a structure of a lesson (Gagne et. al, 
1979). 
 
It is also necessary to identify some of the challenges and resources that are 
required, during the design phase of the training programme (Go2itech.org). 
 
The scope of this project lies in identifying the key objectives and learning 
outcomes of the training programme. An evaluation of the type of resources 
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used and method of training for conveying the training programme is also 
performed. This involves understanding whether e-Learning, can be used to as 
a method of training. 
 
2.8 E-Learning Training Design 
ELearning can be defined as a form of ³learning facilitated and supported 
through the use of information and communication technology´ (Jenkins and 
Hanson, 2003).  
 
ELearning apart from being efficient and cost-effective improves flexibility 
(learning can take place any time, any place), connectivity (the training 
programmes can be made available on a global scale) and interactivity 
(assessment of the training programmes can be done immediately) 
(elearning.ac.uk). Though implementation of e-learning has a lot of benefits, 
various other factors needs to consider while designing the training 
programme. According to Bruno Neal, an instructional multimedia designer 
from the Indiana University, the ADDIE model can be used to design e-learning 
training programmes as well, but there a few additional factors that need to be 
taken care. Here is a table that differentiates between a conventional ADDIE to 
ZKDWKHFDOOVDV³e-ADDIE´(Neal, 2011). 
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Phase ADDIE e-ADDIE 
Analysis 
Identifying 
needs and 
constraints 
A technical analysis of whether a particular skill could 
be taught through e-learning has to be analyzed. 
Also, other technical aspects such as availability of 
hardware and software of implementing e-training to 
be analyzed (Neal, 2011). 
Design 
Identity 
learning 
objectives 
and design 
lessons 
This phase involves creating storyboards which 
completely includes all the course components: main 
menu, lessons, tests, discussion forums. The 
storyboard explains the aesthetic aspects of the 
learning programme as well. The kind of media to be 
used is decided and it should be a valid reason for 
selecting a particular type of media (Neal, 2011). 
Development 
Produce 
the training 
programme 
This stage involves creating of the course. Various 
forms of media such audio, video images, games and 
simulations can be used. The developed training 
programme should match the requirements of the 
previous phase. The training programme is 
completely tested for any technical errors (Neal, 
2011). 
Implementation 
Promote 
and Deliver 
the training 
programme 
Maintenance of training programme to make sure 
that the learners are able to access them without any 
issues is taken care in this phase (Neal, 2011). 
Evaluation 
Evaluate 
Results 
Online surveys can be used to verify the efficiency 
and effectiveness of training programmes. Some of 
the topics of the survey could include the ease of 
course navigation and the quality of multimedia (Neal, 
2011). 
Table 2: The five phases of e-ADDIE 
 
2.9 About the Organization - GRACE 
GRACE (GNSS Research and Centre of Excellence) is an internationally 
recognized centre of excellence in surveying, positioning and navigation 
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technologies. GRACE is part of the Institute of Engineering Survey and Space 
Geodesy (IESSG) based at the University Of Nottingham, United Kingdom 
(UK). GRACE was created in 2009 with assistance from the East Midlands 
Development Agency (EMDA) (GRACE.ac.uk). 
 
GRACE provides business support, consultancy services and training for 
new start-ups and small, medium sized organizations in areas of satellite 
navigation, positioning, timing and location based technologies. Apart from 
offering access to various hardware and software tools, GRACE also provides a 
comprehensive testing environment for GNSS products, applications and 
services (GRACE.ac.uk). 
 
In order to provide the above mentioned services, GRACE combines the 
expertise, existing research and training from Institute of Engineering Survey 
and Space Geodesy (IESSG) and Centre of Geospatial Science (CGS). GRACE 
along with IESSG and CGS is housed within the Nottingham Geospatial 
Building located within the Jubilee Campus of the University of Nottingham 
(GRACE.ac.uk). 
 
With the help of some of the above mentioned resources, GRACE plans to 
commercially exploit some of the GNSS academic research and encourage 
development of innovative products and services (GRACE.ac.uk, InsideGNSS.com, 
a).  
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2.10 Training @ GRACE 
GRACE provides training services through the individual and short term 
courses offered by IESSG to train professionals in area related to GNSS.  The 
short term individual courses are taken from the modules delivered as part of 
the University of Nottingham Msc programme. These courses are intensive 
one-week block teaching modules. These modules consist of lectures, 
seminars and practical exercises (GRACE.ac.uk). 
 
One-day courses are also offered, which are primarily condensed versions of 
the weekly modules or specific components of those modules. Tailor made 
courses to the specific requirements of the customers are also offered at the 
Nottingham Geospatial Building (NGB) where GRACE is housed (GRACE.ac.uk). 
 
The training programmes that are offered vary from the basic and fundamental 
concepts of GNSS to the advanced, mathematical and technical subject areas 
of GNSS (GRACE.ac.uk). 
 
GRACE also provides access to online resources that explains some of the 
basics and technical aspects of GNSS. Also, GRACE also provides free access to 
some of the latest market reports of GNSS. This information is available at 
GRACE¶VZHEVLWH (GRACE.ac.uk). 
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3. Research Methodologies 
As this project attempts to understand the training needs of the GNSS 
application market, it involves analyzing the current training service providers 
and future requirements. In order to perform this task, both primary and 
secondary data collection methods were used. Primary Data Collection involves 
collecting data through observation, conducting surveys, questionnaires 
and interviews to reach a particular solution. Secondary Data Collection is 
the data that is collected by someone else which is available in books, reports, 
personnel records, financial histories and on the web (Adams et. al, 2007). 
Here is a road map of this chapter. 
 
Figure 8: Road Map of the Research Methodologies Chapter 
3.1 Primary Data Collection 
In order to understand the future scope of GNSS, current need, and the target 
audience, interviews were conducted with selected individuals in the United 
Kingdom and Belgium. (Refer Appendix G for the details of the interviewees) The 
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interview questions were of a semi-structured format, which involves questions 
being asked based on the responses of the interviewee (Adams et. al, 2007, 
McArdle, 1998). 
 
3.1.1 Interview Questions  
A set of ten questions were formulated (Refer Appendix G for the list of questions). 
The questions were based on some of the observations from the literature 
review involving understanding the GNSS market, the need of GNSS training, 
the target audience who are going to attend the training and the format of 
training that could be provided. The last question was based on the general 
awareness of GNSS and the efforts that could be taken to improve the general 
public knowledge. The interviews typically lasted between 30-45 minutes. 
Here is a breakdown of the interview questions and the sections they focused 
on: 
Questions Topics 
1 
Current GNSS Market 
2 
3 
GNSS Training Need 4 
5 
6 Target Audience 
7 
Type/delivery mode 
of training 
8 
9 
10 GNSS Awareness 
 
Table 3: The topics covered in the interview questions. 
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3.1.2 Interviewees and the Interview Process 
The interviewees included professors, researchers and industry experts in 
the United Kingdom and Belgium. A total of eight interviews were 
conducted over a period of four weeks. Some of the interviews were conducted 
in a face-to-face manner, whilst others were conducted via telephone or 
through Skype internet chat application. The interview questions were also 
sent via email to most of the participants. The interviewees were keen to share 
information and answered most of the questions. The responses of the 
interviews were highly important to make informed decisions in deciding the 
training need, target industry and audience. The details of the interviewees are 
added in the Appendix section. (Refer Appendix G) 
 
3.1.3 Limitations 
A total of thirteen interviewees were shortlisted for the process of data 
collection. Only nine of them responded. The time available for conducting the 
interview and the responses was limited because some of the interviewees 
were on vacation.  
 
3.2 Secondary Data Collection 
The Internet was predominantly used to gather information about the current 
training that is offered in the field of GNSS. After a comprehensive web 
research, a set consisting of twenty-five GNSS training providers were 
shortlisted for further study.  The websites of these training providers was 
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studied to understand the topics on which the training was provided and the 
type/delivery mode of training offered. The data collection included verifying 
the information whether the learning was class room based or involved 
seminars, workshops, post graduate degree, online tutorials, summer 
schools or e-Learning. The list of training providers included universities in 
the United States of America, United Kingdom and Germany, various 
government institutions and companies who provide GNSS hardware or 
software solutions. A matrix was created in an excel sheet containing all this 
information was regularly amended through discussions with the Mr. Paul 
Bhatia, General Manager of GRACE. This matrix provides a snap shot of all the 
leading training providers and their methods of training. This matrix containing 
the list of training providers has been added in the Appendix section. (Refer 
Appendix H and I for more information). This analysis had to be done as there were 
no reports on the currents training providers in GNSS and GNSS application 
areas. 
 
Another important resource that was widely used in this study was the GNSS 
market report published by the European GNSS Supervisory Agency (GSA). 
GNSS Market Analysis that was performed in the literature review was based 
on this report. 
 
Various industry reports, journals and GNSS related websites were used 
extensively. Subscriptions to GNSS related magazines Inside GNSS and GPS 
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World were made as part of this project to understand the recent 
developments in the world of GNSS. The newsletters of these magazines were 
also used to analyze the GNSS market. 
 
This subscription provided an opportunity to take part in two webinars (live 
presentations with audio) that were conducted by the GPS World. The 
webinars participated included: 
 
1) Doing GNSS Business in China 
2) Light Squared Watch 
 
The details are these webinars are provided in the appendix. (Refer Appendix J 
for details on the webinars) Some of the information from the webinar helped to 
narrow down on specific industry sector to target training. As all of the 
secondary data was collecteG IURP RUJDQL]DWLRQV¶ ZHEVLWHV LQGXVWU\ UHSRUWV
and leading journals, the information obtained for analysis was reliable. 
 
3.2.1 Limitations 
There was difficulty in obtaining information about the target audience who 
were trained.   
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4. The Training Need Analysis  
The process of training need analysis starts off by getting an understanding of 
the current situation. This means understanding the current training providers, 
the type of training they offer and the subject area of training. The four steps 
proposed by McArdle are used as reference point to carry out the training need 
analysis (McArdle, 1998). Some of the activities mentioned by Romiszowski are 
also used (Romiszowski, 1981).  
Here is a road map of the topics covered in this chapter. 
 
Figure 9: Road Map of the Training Need Analysis Chapter 
4.1 Surveillance 
Once a complete understanding of the GNSS market was obtained, the current 
training providers were analyzed in detail. The secondary data that was 
collected from websites of various training providers, articles and journals was 
used for the purposes of the analysis. (Refer Appendix H and I for the information 
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collected) This analysis is performed to obtain a holistic idea about type of the 
training and the subjects on which the training is provided.  
Some of the important aspects that were looked into were their  
1) Country of operation,  
2) The delivery mode/type/method of training (whether the training 
delivered was classroom based, e-Learning, seminars, on the job 
courses, post graduate taught courses etc.) 
3) The topics/subject area on which the training was offered and the 
target audience.  
 
A group of twenty five training providers located across U.S. and Europe were 
filtered for the purpose of analysis. The selected training providers included 
universities, government institutions and companies. The complete 
details these solution providers are added in the Appendix section. (Refer 
Appendix H and I) 
 
Figure 10: The GNSS Training Providers 
GNSS 
Training
Universities
Government  
Institutions
Companies
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Here is a table of the list of training providers that were selected for analysis.  
Universities Government Institutions Companies 
University of Bern -
Astronomical Department 
(AIUB) (Germany) 
Institute of Navigation (ION) 
(USA) 
NavTech GPS (USA) 
University of Maine (USA) 
United Nations Office for Outer 
Space Affairs (UNOOSA) 
(Belgium) 
Trimble (USA) 
University of Newcastle (UK) 
European Space Agency (ESA) 
(France) 
CBIL (UK) 
University of Nottingham 
(IESSG and GRACE) (UK) 
GNSS Supervisory Agency 
(GSA) (Belgium)  
Sprient (UK) 
 London Centre for GNSS 
Research (LCCR) (UK) 
G Train (Project) (Belgium) GNSS Solutions Ltd. (USA) 
  
GNSS for GEOSS & GEEO 
(GFG2) (Spain) 
GPS Solutions (Journal) 
(USA) 
  GPS.gov (USA) Geomattix (USA) 
  NASA (GNSS Division) (USA) RLA Geosystems (USA) 
  
International GNSS Service 
(IGS) (USA) 
GPSTraining (USA) 
  Multi GNSS (Japan) CyberSWIFT (USA) 
Table 4: List of Universities, Government Institutions and Companies who offer GNSS training 
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4.1.1 Geographic Location of the Training Providers 
Most of the training solution providers were predominantly based in the USA 
while the rest of were located in various countries of Europe namely United 
Kingdom, Spain, Germany and Belgium. 
 
4.1.2 Delivery Mode/Type of Training 
This process involved analyzing the manner in which training programmes was 
delivered to the target audience.  
 
Most of the training offered by universities (which were analyzed) was class 
room based training which involved a trainer or instructor and classes were 
conducted at the location of universities. The training programmes provided by 
the universities are predominantly post graduate taught courses on navigation 
related areas. The University of Maine located in the U.S.A. offers additional 
online training programmes (gnss.umaine.edu). (Observations from the data collected in 
Appendix H and I) 
 
Some of the universities also have partnership with the government 
institutions to form projects that provide GNSS training. G-Train a project 
involving the University of Munich and a few government oriented institutions 
was formed to create post graduate courses on GNSS and to improve 
awareness (g-train.eu). Universities are also involved in performing extensive 
research in improving GNSS signal integrity, improved receiver designs and 
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analyzing the effects of the atmosphere and solar effects on GNSS signals 
(IESSG, 2011). Such research is also funded by various government 
organizations. (Analysis done based from the data collected in Appendix H and I) 
 
The training provided by government institutions like the Institute of 
Navigation (ION), European Space Agency (ESA), NASA GNSS division, GNSS 
Supervisory Agency (GSA) are predominantly online tutorials, seminars, 
workshops on the recent developments of GNSS, conferences. They also fund 
various projects to promote the awareness of GNSS (Analysis done based from the 
data collected in Appendix H and I) 
 
Next, the companies which offer GNSS related products and services also 
provide training. Some of the companies like Trimble, Sprient, NavTech 
GPS (U.S.A) and CBIL (U.K) offer various types of training including class 
room training at client and specific locations, online tutorials etc. Trimble 
(U.S.A), a leading GNSS equipment and application manufacturer provides 
extensive e-learning solutions as well (Trimble.com, a). (Analysis done based from the 
data collected in Appendix H and I) 
 
4.1.3 Content/Subject Area of Training Programmes 
The subject or the content of the training programmes that is offered by 
training providers can be broadly classified into three types. 
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Training on the Fundamentals of GNSS: This includes the basics about 
GNSS, how these satellite systems transmit signals and applications of GNSS 
signals. The training on these aspects are provided by  
1) Universities through post graduate programmes,  
2) Government institutions through online tutorials, seminars and white 
papers and  
3) Companies through flexible online and classroom training (Analysis done 
based on information from the websites of selected training providers in Appendix H) 
 
Technical Knowledge Training: The theories involved in satellite positioning, 
designing GNSS receivers and creating various algorithms etc. form the 
technical knowledge of GNSS. Various training programmes are created to 
teach this technical knowledge. Training on the complex and technical aspects 
of GNSS are provided predominantly by universities through post graduate and 
taught M.Sc programmes. This type of training is mainly directed towards 
students and researchers working the field of GNSS. (Analysis done based on 
information from the websites of selected training providers in Appendix H) 
 
There are a few companies, for example NavTech GPS (USA) provides class 
room training programmes on satellite positioning and GNSS systems design 
(Navtechgps2.intuitwebsites.com, a). Universities like Nottingham, has a center of 
excellence (GRACE) who promotes training on technical aspects of GNSS to 
other industrial sectors (grack.ac.uk). 
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Training on the usage of GNSS systems and applications: These training 
programmes explain the procedures to build GNSS devices and software 
services. Customized training is also provided as the device design and the 
knowledge level of the targeted audience keep varying. This training is 
provided extensively by companies who make these products through various 
methods including e-Learning. (Analysis done based on information from the websites of 
selected training providers in Appendix H) 
 
Trimble has training locations at Rauheim (Germany), Dayton (Ohio, USA), 
Fort Collins (Colorado, USA) and Shanghai, China where class room training is 
provided. This training is mainly focused on companies who use Trimble¶s 
products and services (Trimble.com, a). 
 
Here is a diagram that summarizes the analysis and maps the training provider 
with the subject area of the training offered. 
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Figure 11: Summary of GNSS training providers and the areas of training 
 
4.2 Investigation  
The analysis in the previous section has provided a snap shot of the GNSS 
training industry. It is also important to understand the future of GNSS training 
and this requires further investigation. The method of semi-structured 
interviews was used to conduct this analysis and understand the future of the 
GNSS training industry.  
 
After discussions with the general manager Mr. Paul Bhatia at GRACE, a 
group of fourteen professionals were selected, out of which eight of them 
60 
 
were interviewed. The interviewees included professors, researchers from 
universities, project officers from government institutions like the GNSS 
Supervisory Agency (GSA) and industry expects. They were selected based on 
their experience and expertise in GNSS and related applications. The names of 
the interviewees, their designation and the rationale behind selecting them are 
added in the Appendix section. (Refer Appendix G for more information) 
 
4.2.1 Key Takeaways from the Interviews 
Some of the important observations and common points of view from the 
interviews are given below. The observations can be divided into four sections 
based on the topics on which the questions were asked.  
 
GNSS and GNSS training industry: 
1) GNSS involves a complex technology that evolves rapidly. The 
introduction of new GNSS signals and growth in technology makes it 
necessary for the people involved to keep updating the knowledge 
consistently. GNSS market would continue to grow with more GNSS 
based mobile applications and devices of vehicle navigation being 
produced. Some of the interviewees expressed that the maximum use of 
GNSS devices/applications could be in the logistics and transportation 
sector. The issues with the integrity, accuracy and reliability of GNSS 
limit its use in safety critical applications like aviation and maritime 
transport. 
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2) The market for GNSS training is potentially unexplored has a wider scope 
of investments. The Interviewees generally believed that the universities 
who currently offer training programmes on the technical aspects of 
GNSS.  
3)  The current training programmes are too generic; they are not 
targeted at any particular industry segments. The GNSS products, their 
specifications and services vary according to industry they are used in. 
The training programmes that are currently offered are failing to target 
any particular industry segments. 
Training Need and Targeted Audience: 
4) The most common criticism of the interviewees was the training that is 
currently provided is not customized or tailored to meet any industry 
requirements. The current training programmes are too technical and 
require a pre-requisite knowledge about GNSS in order to completely 
obtain benefits from the training. Employees from other industrial 
sectors fail to understand GNSS data and standards. This presents a 
great deal of difficulty to gain a thorough understanding of the concepts 
and relate the training programme to their respective job scenarios.  
5) Some of the important topics that were suggested by the interviewees 
included satellite positioning; GNSS systems and receiver design, 
understanding GNSS data and standards etc. 
6) The target audience for the training programmes must include both 
applications and systems developers as well as people from industries 
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who use GNSS products and services. The training has to be customized 
accordingly and as per their level of understanding. 
Use of e-Learning: 
7) The use of e-Learning as a method of training received mixed reviews 
and opinions from the interviewees. Some of the interviewees expressed 
that the e-Learning is the future of training and its use must be 
encouraged. One of interviewees (Dr. Craig Hancock) has a reserved 
opinion that use of e-learning for training in GNSS related applications 
required the learners to have prior experience of e-learning training. He 
felt that some of the concepts involved a lot of mathematical calculations 
it would be difficult for the learners to understand without the presence 
of a human instructor.  
Awareness about GNSS: 
8) All of the interviewees expressed that the seminars, conferences 
conducted by government institutions like the ION, ESA and GSA are 
extremely useful to create awareness about GNSS. Some of the 
interviewees also expressed that though there has been a lot of research 
in areas of GNSS limitations and integrity done by universities, the 
various industries who utilize GNSS are not completely aware of them.  
 
Here is a diagram that provides a summary RI WKH LQWHUYLHZV¶ major focal 
points.  
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Figure 12: Summary of proposed training areas and targeted audience by the interviewees 
 
4.3 Analysis  
Based on the web research and viewpoints of the interviewees, further 
research was conducted to narrow down on the specific needs of training. Also, 
it was important to select a target industry to narrow down on the specific 
target audience. Journals, newspaper articles and the market reports of 
various industries were studied to reach a conclusion. The information of the 
webinar on Light squared watch conducted GPSworld served as an important 
factor for narrow down on the targeted industries. 
 
Some of the important criteria that were used to narrow down on the target 
industry include:  
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1) An Attractive Industry: The targeted industrial sector must be an 
attractive industry for investment with possibility of future growth. The 
industry should accept the use of GNSS related products and services. 
According to Michael Porter, one of the famous strategists the use of 
technology and innovation can also serve as a very important factor to 
verify whether an industry is attractive or not for investment (Porter, 
2008). 
2) Must embrace current GNSS products and services: GNSS signals 
have historically suffered from loss of accuracy and integrity and are 
badly affected by changes in atmosphere. The targeted industry should 
be able to obtain maximum benefits from the current level of accuracy, 
reliability and integrity of GNSS signals. Some of the important GNSS 
applications and their use in various industries were analyzed for these 
factors. The important road transport applications such as fleet 
management, in-car navigation, road pricing require low to medium 
level accuracy. Most of applications used for used for aviation and 
agriculture require high to very high accuracy (Royal Academy of 
Engineering, 2011). 
3) Monitoring Activities of Major GNSS Companies: It is also important 
to understand the activities, media releases, recent developments and 
initiatives taken from by some of the leading providers of GNSS products 
and services. This would provide some insight on their target industries 
65 
 
and their future plans of expansion. The press releases of GNSS based 
companies like Trimble (USA) and CBIL (UK) were examined.  
4) An opportunity for training: There must significant scope of training;  
 
Based on these four factors a table was formed. 
  
An Attractive 
Industry 
Embrace 
current 
operational 
level of GNSS 
Current 
initiatives 
of Major 
Players  
Opportunity 
for training 
Target 
Industry?? 
Yes /No /May 
Be 
Yes /No /May Be 
Yes /No 
/May Be 
Yes/ No/ May 
Be 
 
Table 5: List of factors considered to narrow down on the target industry 
 
The above table was used to narrow down on the target industry segment.  
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5. Key Findings 
The chapter explains some of the key findings including selection of the target 
industrial sectors, the subject areas that may have a training need and the 
potential target audience who may need training. An analysis of whether e-
learning could be used as a method of training is also performed in this 
section.  
Here is a road map of this chapter. 
 
Figure 13: Road Map of the Key Findings Chapter 
As mentioned in the previous section, four factors were used to narrow down 
on the target industries. The industries such as aviation, agriculture, logistics 
forensics, maritime etc were studied. The understanding of the current role of 
GNSS equipments and applications in industrial sectors such as aviation, 
agriculture, logistics, etc., studying the recent developments in GNSS 
products, activities of some of the big companies in the GNSS market and 
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opportunity for training are some of the factors that helped to narrow down on 
target industries. The target industries include: 
1) Telematics addressing the needs of the Logistics and 
Transportation Sector 
2) Logistics and Transportation Sector 
3) Road User Charging 
 
Figure 14: The industry sectors analyzed for training 
The rationale behind selecting these industries for designing the training 
programme is explained in detail below. Let us first understand the logistics 
and transportation industry, use and role of Telematics in that industrial 
sector. 
 
5.1 Logistics and Transportation 
The logistics industry can be defined as ³The logistics industry manages the 
flow of products, services and information across customers and suppliers 
allowing the integration of supply chain´(Mena et al, 2007). 
 
68 
 
Even though logistics includes many activities such as transportation of goods, 
labeling, information management, and the most important activities of 
logistics are transportation and warehousing (Mena et al, 2007).  
 
Logistics was traditionally considered as one of the activities done within an 
organization. However, this situation changed dramatically with the growth of 
third party logistics (3PLs) service providers. The 3PLs promote using 
innovation in logistics such as information technology. It is estimated that 
64% of all logistics costs are directed at third party logistics in the UK. This 
sector is expected to grow at 6.1% per year in the UK (Mena et al, 2007). 
 
5.1.1 Innovation in Logistics 
Technology plays a very important role in logistics sector. 
³«LQQRYDWLRQ LV JDLQLQJ LPSRUWDQFH LQ WKH ORJLVWLFV LQGXVWU\ 7KH
advent of new technologies and globalization has inspired firms to 
ORRN IRU QHZ VROXWLRQV IRU WKH FKDOOHQJH RI EXVLQHVV LQ WRGD\¶V
competitive lanGVFDSH´  
 
Telematics is said to be a very important and influential technological aspect 
in logistics. /HWXVVHHZKDW³Telematics´DFWXDOO\PHDQ(Mena et al, 2007). 
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5.2 Telematics 
The term Telematics refers to ³vehicle based systems which integrate GNSS 
sensors with wireless communication and other computer capabilities. 
Telematics systems provide road fleet owners with extensive information and 
knowledge on vehicle location, performance and driver behavior. Using this 
information, fleet managers can improve the productivity of mobile workers, 
reduce collision risks for drivers and other road users, improve fleet 
performance and ensure compliance with relevant regulations (Insight, 2010). 
The role played by GNSS devices in the logistics and transportation is 
explained in detail in the literature review section. 
 
5.2.1 Success of leading players 
Some of the leading third party logistics providers for example FEDEX and 
DHL Express have experienced success by adopting telematics and 
geographical information systems. DHL Express has been able to improve 
service to customers through accurate drive times by implementing fleet 
tracking solutions. DHL has also been able to reduce costs by efficient use of 
fuel, fleet and manpower (esri). 
 
FEDEX, another leading logistics provider has been able to track their 
shipments, plan efficient routes and provide driver assistance through use of 
tracking systems and remote monitoring from their control centers (esri). It is 
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the power of GNSS that provides these facilities to the third party logistics 
providers. 
Let us see what an important role telematics plays in improving logistics and 
transportation of the UK retail industry. Here is a chart that contains the 
various telematics providers for Tesco. 
 
5.2.2 Tesco Case Study 
Tesco is one of the largest retailers in world, having operations in over 14 
countries worldwide (tesco.com) For such a big retailer, who runs operations 
both from stores as well as manages an online shopping portal customer 
service and on-time delivery are extremely important. Logistics and 
transportation contribute a key factor in this area. Tesco manages most of its 
own logistics and transportation through distribution centers and in-house 
transportation while outsources the remaining to a few third party logistics 
providers (Multimodal.org.uk). 
 
Here is a map that explains how Tesco manages its third party logistics and 
telematics service providers. 
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Figure 15: A map showing the third party logistics providers and telematics services for TESCO 
Some of third party logistics whom Tesco outsources includes:  
1) Wincanton Ltd.  
2) TNT Logistics Ltd.  
In order to reduce costs, turnaround time and track their shipments, Tesco 
uses telematics to manage their fleets. Some of the telematics providers who 
FDWHU7HVFR¶Vneeds include Microlise telematics and Daimler Fleet board. In 
August 2010, for the purpose of shipping products for home delivery, 
tesco.com the online shopping unit of Tesco had purchased a fleet consisting of 
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795 Ivecos integrated with Microlise electronics. Tesco had chosen Microlise 
because the telematics provider had already produced 12% fuel savings to 
their existing fleet (Microlise.com, a). Another telematics provider who has 
produced fuel savings for Tesco was Daimler FleetBoard (Fleetboard.com).   
 
The third party logistics providers to whom Tesco outsources also use 
telematics to achieve cost savings. TNT logistics Ltd utilizes the services of 
Paragon route planning to plan their routes efficiently for their Tesco 
operations (Shippingline.biz). Wincanton Ltd., another third party logistics 
provider uses Microlise telematics for their vehicle tracking and other fleet 
management operations (Multimodal.org.uk, 2010, Microlise, b). 
 
Other telematics providers who are associated with TNT logistics Ltd include 
Masternaut in the UK and Descartes in North America (Masternaut.co.uk and 
Descartes.com). TNT uses Masternaut to increase their customer service levels 
for its Special Services department by monitoring its entire fleet live on screen. 
TNT's Special Services vehicles carry time-critical parcels and special project 
packages, including vital blood supplies and donor organs for National Blood 
Service and the NHS (Masternaut.co.uk). 
 
A similar chart explaining the logistics and fleet tracking operations of 
Sainsbury is provided in the Appendix section. (Refer Appendix K for more 
information) 
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5.2.3 Future Trends 
Global Industry Analysts released a report on the future of the commercial 
vehicle telematics. The world commercial market is expected to reach US$ 
11.2 billion by the year 2015. According to the report, telematics is currently 
EHLQJSHUFHLYHGDVDQµindispensible mobile navigation service´7KHXVH
of telematics is promoted extensively for transportation as there has been a 
growing emphasis on convenience, safety and efficiency (PRWeb.com). Some of 
the industry experts believe that the European telematics market alone 
could be worth more than six billion pounds by 2013 (Fleetnews.co.uk, a).  
 
According to Global Industry Analytics report, new telematics technologies 
would help fleet owners further reduce costs by cutting down unnecessary 
business mileage, boost productivity and improve customer service. The report 
also mentions that apart from growth for original equipment manufacturer 
(OEM), there would opportunities to install telematics devices in existing fleets 
(PRWeb.com) 
 
The success of some of the leading third party logistics, who have reduced 
some of the significant operating costs, clearly shows that telematics industry 
adds value to the logistics and transportation sector.  
 
)XUWKHUPRUH WKH *6$¶V PDUNHW UHSRUW DOVR LQGLFDWHV WKDW WKHUH KDV EHHQ D
significant fall in price of GNSS equipments. In-vehicle navigation devices have 
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experienced price erosion from an average price of 1600 Euros to around 
1100 Euros in about five years (GSA Market Report, 2010). This would definitely 
encourage many logistics providers to use telematics. The analysis clearly 
indicates that Telematics is an attractive sector for investment. 
 
5.2.4 Embrace Current Level of Accuracy 
GNSS applications used in telematics and in particular the road transport 
segment does not require a very high level of accuracy, as demanded by other 
industrial sectors where safety is the primary concern. (Royal Academy of 
Engineering, 2011)  
 
There are certain manmade and natural issues that may affect the accuracy of 
the GNSS signals in future. These issues tend to affect the high precision 
applications of GNSS. They are explained in detail below:  
 
Light Squared Interference Issue: LightSquared subsidiary LLC is a 
company that plans to provide a wholesale, nationwide wireless broadband 
network integrated with satellite coverage. LightSquared will combine existing 
mobile satellite communications services (formerly known as SkyTerra) with a 
ground-based wireless communications network that uses the same L-band 
radio spectrum as the satellites (PNT.gov, 2011). 
 
The GPS community especially in the US is worried as the base stations of the 
LightSquared network will transmit signals in a radio band immediately 
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adjacent to the GPS frequencies. The GPS community is concerned because 
testing has shown that LightSquared's ground-based transmissions overpower 
the relatively weak GPS signal from space. Although LightSquared will operate 
in its own radio band, that band is so close to the GPS signals that most GPS 
devices might pick up the stronger LightSquared signal and become 
overloaded or jammed. It could also lead to upgrade of existing devices. 
(PNT.gov) 
 
LightSquared broadband signals also are likely to affect the high precision 
application users using satellite signals from Galileo (Europe) and QZSS 
(Japan) (GPSworld.com, b).  
 
GPS community has been active and has raised concerns to the Federal 
Communications Commission (FCC) to solve the issue (PNT.gov, 2011). If the 
Federal Communications Commission (FCC) may approve this proposed 
solution of LightSquared, then some of the applications that require high 
precision may be affected. 
 
Solar Threats to Satellite Navigation Systems: A natural cause that is 
expected to affect GNSS signals is the solar related phenomena and its effect 
on the ionosphere of the Earth. 7KH LRQRVSKHUH LV WKH UHJLRQ LQ HDUWK¶V
atmosphere that plays an important role in transmitted distant radio signals 
like the GNSS signals (Rawer, 1993). The next solar maximum is expected to 
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occur in 2013 and its HIIHFWVRQHDUWK¶V LRQRVSKHUHZRXOGEHJUHDWHVWDQGDW
worst could lead to a blackout of all satellite signals. This could result in 
positioning errors and signal fading (Nottingham.ac.uk, a).  
 
According to IESSG, it is these intermittent problems that are preventing the 
use of GNSS signals in mission-critical and high precision applications for air, 
rail and marine transport, even autonomous machinery in areas such as 
agriculture. The IESSG is part of a project called Training Research and 
Applications Network to Support the Mitigation of Ionospheric Threats 
(TRANSMIT) which deals with research in minimizing the effects of solar 
radiation on the Ionosphere during solar maximum in 2013. Dr. Marcio 
Acquino, one the coordinators and senior researchers in the IESSG and 
currently working on the TRANSMIT project was interviewed and he expressed 
concerns over the high precision applications being affected (Nottingham.ac.uk, a). 
 
Some of these incidents are clearly affecting the use of GNSS signals in 
aviation, maritime and agriculture as they are highly dependent of accuracy of 
the signals. It is also one of the reasons road transport applications who 
require relatively low±medium level accuracy continue to dominate the GNSS 
market.  
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5.2.5 Recent Activity of Major Players 
The activities and recent initiatives of some of the leading manufacturers of 
GNSS equipments and devices over the last one year were analyzed. Trimble 
one of the leading GNSS solutions provider in U.S has acquired three 
telematics providers in last nine months in three different countries. The 
acquired companies are:  
Company Location Month and Year of Acquisition 
People Net USA July, 2011 
Yamei Electronics China June, 2011 
Tata Telematics Unit India December, 2010 
(Trimble.com, b, GlobalArtTechnology.com, Automotiveit.com) 
Table 6: A list of companies recently acquired by Trimble (USA) 
Trimble¶V DFTXLVLWLRQV FOHDUO\ LQGLFDWH WKDW WKH FRPSDQ\ ZDV WR H[SDQG LWV
presence in the transportation and logistics sector.  
 
There was a recent merger (April, 2011) where Cybit, a UK based telematics 
and fleet solutions provider had acquired a French telematics provider 
Masternaut. An article in m.logistics explains that both Cybit and Masternaut 
have been two of the fastest-growing telematics companies in recent 
years. Both these companies have made quite a few acquisitions of tracking 
and fleet management experts as well as map providers over the past 10 years 
in the UK (mlogmag.com). 
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5.2.6 Opportunities for Training in Telematics  
Having understood the telematics industry, and the possibility of future 
growth, some of the prominent the current training providers and projects in 
this sector were analyzed. Some of the important observations of the analysis 
are mentioned below: 
1) The Environmental Systems Research Institute (ESRI) is a solutions 
provider of geographic information systems (GIS) for a variety of 
industries. Logistics companies like FEDEX and DHL have implemented 
the tracking and remote monitoring solutions of ESRI and have achieved 
significant efficiency and cost reduction (esri, a). ESRI offers both 
classroom and elearning training on the usage of their systems and 
software solutions (esri, b). 
2) A project titled the European Automotive Digital Innovation Studio 
(EADIS) was carried out in the year 2009. The purpose of this project 
was to use an e-learning platform. This platform was called the Digital 
Innovation Studio and was designed to develop and train professional 
designers in the automotive industry in the impact and use RI µYHKLFOH
WHOHPDWLFV¶. This is would help them to integrate new technologies into 
future products within the automotive industry. This includes training 
students and professional employees in satellite navigation, location 
based services, design concepts that are applicable to transportation. 
The University of Coventry in the UK is one of the partners of this 
programme (eadis.eu). 
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3) There are a few other telematics training companies who offer training 
programmes on the use and the advantages of vehicle telematics (E-
trainingworld.com, burnleytelematics.com). 
 
The above analysis of the training provided in telematics indicates that the 
current training providers are providing learning on the usage of telematics 
and not on the technical aspects such as design etc. Additionally none of the 
GNSS major training providers have tailored training programmes targeting 
the telematics providers.  
 
Important Drivers in Telematics: According to Glen Middleton, the 
managing director of EuroTech (previously known as ARCOM), a company that 
designs a variety of integrated hardware and software solutions, lists of some 
the key features that are driving the telematics segment. (Middleton, 2003) These 
features include: 
1) Low cost 
2) Robust / reliable 
3) Low power, wide temperature range 
4) Life of the product 
5) Robust Operating system 
6) insightful applications 
7) Internet connectivity 
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$FFRUGLQJ WR *OHQ WHOHPDWLFV VHUYLFH SURYLGHUV XVH ³SD\-per-XVH´ EXVLQHVV
model, to spread the burden of their infrastructure and equipment costs. This 
means offering equipment at near-zero cost and recovering revenue from its 
use. This in turn involves reducing the development time and maximizing 
the lifetime of the product. Also telematics service providers need to 
concentrate on their core competence, which involves the technology and 
intellectual property that really gives value to the end customer and makes 
their business successful (Middleton, 2003).  
 
Inference: All of these points clearly highlight that the telematics sector is an 
attractive and growing industry, especially in UK, Europe, and USA. The 
above analysis also shows that the telematics sector of logistics and 
transportation industry embraces the use of GNSS and its technology changes. 
Reports have also indicated that some of the GNSS applications used in 
telematics and in particular the road transport segment does not require a very 
high level of accuracy, as demanded by other industrial sectors. (Royal Academy 
of Engineering, 2011)  
 
Also, some of the leading GNSS and telematics solutions providers have made 
significant acquisitions over the last one year to expand their products range in 
telematics. Further, the current training in telematics is primarily concentrated 
towards on the usage of telematics equipments and services and not on the 
technological aspects. 
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GNSS technology is constantly evolving due to launch of new satellite systems.  
According to professors Hein and his colleagues from the University FAF 
0XQLFK³7KHDSSHDUDQFHRIQHZ*36DQG GLONASS signals and the arrival of 
Galileo have LQMHFWHGQHZYLWDOLW\LQWRGHVLJQRI*166SURGXFWV´7KH\VXJJHVW
new and different types of GNSS receivers to handle and process these 
signals (insidegnss.com, b). Additionally, Sam Pullen of the Stanford University 
suggests various methods to improve positioning accuracy and to handle 
signals from multiple satellites (Pullen, 2007). Majority of the interviewees 
suggested that GNSS related products need to change to improve their 
performance (Refer Appendix G).  
 
We have seen that technology one of the main drivers in the telematics sector. 
So with the technology constantly changing; the telematics services providers 
need to learn the new technologies that would help them sustain their core 
competence. The engineers and designers of these telematics service providers 
need to be trained on newer and better methods of design.  
 
5.2.7 Training Need and the Target Audience for the Telematics Sector 
According to the above mentioned viewpoints, this change in technology and 
launch of new GNSS satellites prompts better receiver designs, improved 
approaches towards manufacturing equipments. The ideas of the interviewees 
also echo the same thoughts.  
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This requires a transfer of technical knowledge from the academic institutions 
who constantly perform research in these areas. GRACE, being one of those 
institutions has access to researchers and professors who have in depth 
understanding of the technical concepts and developments of GNSS signals 
and systems design. The designers and engineers working for telematics 
service providers need to be trained to develop better products and services. 
 
Also, we have seen from the Royal Academy of Engineering report that there 
are so many factors affecting the GNSS signals, and many measures are taken 
to overcome these limitations. (Royal Academy of Engineering, 2011) The awareness 
about the issues of GNSS signals and methods to mitigate vulnerabilities need 
to be provided. This information would help designer and engineers to design 
better products and services.  
 
As per the four factors used for evaluation, there is clear evidence that there is 
a future training need in the Telematics section of the logistics and 
transportation industry. 
  
An Attractive 
Industry 
Embrace 
current 
operational 
level of GNSS 
Current 
Initiatives 
of Major 
Players 
Opportunity 
for training 
Telematics Segment 
of Logistics and 
Transportation 
Sector 
Yes Yes Yes Yes 
 
Table 7: A table that shows how telematics sector has training need 
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5.2.8 Opportunity for Training the Logistics and Transportation sector 
Despite of the fact, that using telematics has a significant impact in the 
logistics and transportation sector; many fleet owners have been reluctant to 
adopt the use of telematics.  
 
According to a report from Digicore one the telematics service providers, some 
of the reasons for reluctance in adopting include: overselling, lack of trust in 
telematics service providers, technological concerns and financial viability. The 
report also confirms that many drivers avoided the need to be scrutinized 
(Fleetnews.co.uk, b). 
 
Additionally, Mr. Giles Margerison, sales director of TomTom Business solutions 
UK & Ireland, also confirms that the reason why majority of the fleets do not 
use telematics is due to resistance of the drivers on grounds that they are 
EHLQJXQQHFHVVDULO\VFUXWLQL]HGDQGWKDWWKHFRPSDQ\GRHVQ¶WWUXVWWKHPAlso, 
there is a general fear among managers that their administrative work would 
increase, and that they need to analyze large quantity to data to find useful 
information. A thorough training plan needs to be developed to make sure that 
the telematics systems are understood and is efficiently utilized (Fleetnews.co.uk, 
c). 
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5.2.9 Training Need and Targeted Audience for the Logistics and 
Transportation Sector 
From the viewpoints mentioned above, effectiveness of using telematics and 
the role it plays in the logistics and transportation sector needs to be 
communicated to the managers. Training on the use, growth and the future of 
telematics would definitely provide the required confidence and the conviction 
to use such technologies to improve their business performance. Tailor made 
training about the basic concepts of GNSS can be provided to the designers 
and engineers in the telematics sectors as well, if learners are not aware about 
GNSS fundamentals. 
 
Now that we have seen some of the immediate markets where there is a 
training need, the next section of this chapter explains a future and an 
emerging market that could have a training need. 
 
5.3 Road User Charging 
The use of GNSS devices has a significant role in road user charging. Let us 
first understand about the basics of road user charging before we start 
analyzing the need for training. 
 
Road User Charging is a toll collection method for which motorists pay for 
using a defined area of the road. The idea of road user charging has been 
implemented in many countries in Europe and in London. This has helped 
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reduce traffic congestion. There are various methods for road user charging 
including: 
1) Toll Collection: Toll booths are set up on the roads 
2) Number Plate Recognition: A camera takes photo of car, and checks 
with the database to verify whether payment has been made. 
3) Electronic Fee Collection (EFC): There are two methods: 
a. Using a dedicated short range communication system, where there 
is communication established between a road side unit and an in-
car unit which contains a smart card that is linked with the credit 
card information of the user. Every time when the car crosses the 
region, a communication is made between the road side unit and 
the in-car unit, payment is made as the smart card is linked to the 
credit card/bank balance of the user. 
b. The second method involves use of satellite positioning where 
the car has a system with a GPS receiver which has the knowledge 
of all charging points in the network. As in the previous case, 
everyday contact is not necessary; contact with the road unit is 
only when there is an upgrade of charges or an enforcement of 
payment is required. An area of concern that has been voiced in 
this model is the intrusion in the privacy of the car owner with 
UHVSHFWWREHLQJµtracked¶(Nottingham.ac.uk, b). 
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The ides of road user charging has been encouraged by the UK Freight 
Transport Association (FTA) and there have been plans to implement 
road user charging for lorries to avoid congestion within the next three 
years (Brett, 2011). 
 
There has been recent development of using GNSS related devices for road 
user charging. Four Road User Service Providers (RUSPs) took part in 
research commissioned by the UK Department for Transport (DfT):  
1) Sanef,  
2) Trafficmaster, 
3) T-Systems and  
4) Intelligent Mechatronic Systems. 
These four service providers have demonstrated that a road user charging 
scheme can be implemented using GNSS systems that are commonly used 
for navigation, fleet management and stolen vehicle tracking. The services 
proposed also meets the requirements for data protection in relation to 
privacy (Brett, 2011). 
 
If the UK government agrees to implementation of road user charging using 
GNSS systems, it creates potentially a huge market for manufacturing and 
implementing these devices. Though the current market for road user 
charging does not exist, it could emerge in the future. 
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Another advantage is a medium level of accuracy of GNSS signals is only 
required to effectively use it for road user charging. (Royal Academy of Engineering, 
2011)  
 
A change in GNSS technology though would definitely create a need for 
training. The equipment manufacturers would definitely be willing to undergo 
training especially if the market grows.  
 
5.3.1 Training Need and Targeted Audience in Road User Charging 
Commercial vehicle telematics providers can theoretically add road user 
charging as one of their services (Ertico.com). Also, the four road user charging 
providers who provided the demonstration have in fact used the same 
equipment that is used for navigation, fleet management and stolen vehicle 
tracking. This indicates that the areas of training need and target audience for 
the road user charging providers would be same, as that of the telematics 
service providers.  
  
An Attractive 
Industry 
Embrace 
current 
operational 
level of GNSS 
Current 
Initiatives 
of Major 
Players  
Opportunity 
for training 
Road User 
Charging 
May Be Yes Yes Yes 
 
Table 8: A table that shows road user chagrining may be a future market for investment 
   
The reason as to ZK\³May Be´is the result of whether industry is attractive 
or not, because the market is yet to be created.  
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From the information drawn from the interviews (Refer Appendix G), and analysis 
of the training need, the following table summarizes the target industry, the 
training need and the target audience. Looking the training need of all three 
industrial sectors, they are all pertaining to specific areas within their 
industries. This shows us that training needs to be tailor made according to 
the target industry and audience. The telematics sector could serve as the 
primary target for GRACE, followed by logistics and transportation and 
finally road user charging. 
Target Industry 
Segment/Sector Training Need 
Target 
Audience 
Primary 
(scope for 
immediate 
investment) 
Telematics 
Technical Aspects: Training on 
technological areas such as systems 
and receiver design, understanding 
GNSS data, GNSS limitations.  
Training on the fundamental 
aspects of GNSS can also be 
provided if the target audience is 
not aware about GNSS. 
Engineers, 
Designers 
Secondary 
(scope for 
immediate 
investment) 
Logistics and  
Transportation 
Fundamental Aspect of GNSS: 
Awareness of using GNSS related 
products and services like 
telematics to improve business 
performance. 
Logistics 
Managers, 
Fleet 
Owners 
Tertiary 
(scope for 
immediate 
investment) 
Road User 
Charging 
Providers 
Technical Aspects: Training on 
technological areas such systems 
and receiver design, understanding 
GNSS data, GNSS limitations.  
Training on the fundamental 
aspects of GNSS can also be 
provided if the target audience is 
not aware about GNSS. 
Engineers, 
Designers 
 
Table 9: A summary of training needs, target industry and audience 
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5.4 Technical Analysis of feasibility of e-Learning 
The additional aspect of technical analysis has to be conducted to check 
whether the topics can be taught using elearning tools and techniques. The 
most important point of analysis here is the effectiveness of training 
programme as elearning is considered to unsuitable if it involves any skill that 
relies heavily on inter-personal contact (Neal, 2011). Although in that case, 
elearning can be used as a supplementary tool to support learning.  
 
Despite its potential advantages, elearning is considered to be a pedagogical 
unsound method of learning as there is a problem with the management of 
motivation, interest and involvement of the audience (le.ac.uk). A thorough 
analysis of some the topics and subject areas that were narrowed down for 
training was performed to understand the level of complexity. The 
postgraduate degree course offered by IESSG of the University of Nottingham 
and the training programmes of NavTech GPS were used as reference 
(Nottingham.ac.uk and Navtechgps2.intuitwebsites.com, b). 
 
Based on the analysis of the course contents and viewpoints of the 
interviewees (Refer Appendix G), Class room training is the best method of 
learning the complex and technical aspects of GNSS systems design, receiver 
positioning and interpreting GNSS data. E-Learning can be used as a 
supplement to support these learning methods.  
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E-Learning can be used to train the target audiences on the fundamental 
aspects of GNSS, as this training programme does not involve technical studies 
or mathematical calculations. The use of these Elearning tools as a supplement 
and some important considerations while implementing elearning is explained 
thoroughly in the design phase. 
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6. Design Phase of Training 
We have seen the entire process of analysis involves narrowing down on the 
targeted industry, the need of training and people who can be trained. The 
next stage in the project is deciding on the learning outcomes i.e. what the 
learner should understand at the end of the training programme, deciding on 
the objective of the training programme, the resources that have to be used to 
implement the training and the potential constraints involved in design of the 
training programme. As e-learning could be used in the future for training the 
target audience on the fundamental aspects of GNSS, the design aspects that 
involve elearning are also discussed here. 
Here is a road map of this chapter. 
 
Figure 16: Road Map of Design Phase of Training Chapter 
 
A key observation made from the training analysis is that the training 
programmes have to be tailored according to requirement and understanding 
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levels of the target industry and audience. This means changes have to be 
made to learning outcomes and the objectives every time the training 
programme is delivered to the target audience. Some of the methods to 
HYDOXDWLQJ WKH DXGLHQFH¶V OHYHO RI XQGHUVWDQGLQJ are provided in the 
recommendations section.  
 
The course curriculum used for the M.sc programmes in Navigation and 
Positioning by the Institute of Engineering Survey and Space Geodesy (IESSG)  
of the University of Nottingham were taken as reference while deciding the 
learning outcomes and the course objectives. Here is a website link to the 
existing courses. 
http://www.nottingham.ac.uk/iessg/courses/mscopportunities.aspx.  
 
The GNSS reliance and vulnerabilities report produced by Royal Institute of Air 
Navigation was also used as reference for deciding on some of the topics (Royal 
Institute of Air Navigation, 2009). 
 
There are three training programmes identified through the analysis and 
interviews for which the learning outcomes and objectives are designed. The 
training programmes are: 
 
93 
 
1) Fundamental Aspect of GNSS ± This training programme needs to be 
tailored separately for logistics and transportation and telematics/road 
user charging. 
2) GNSS Systems Design ± Tailored for telematics/road user charging. 
3) GNSS Integrity and Limitations ± Tailored for telematics/road user 
charging. 
 
Let us first consider the training programme ³Fundamental Aspects of 
GNSS´ This training programme can be targeted at both at the logistics and 
transportation solution providers as well as the telematics solution providers. 
But it has to be customized accordingly, so the learning outcomes and the 
objectives would be different for each customized course. Let see how the 
training programme is customized according to the target industry and 
audience. 
 
6.1 Fundamental Aspects of GNSS ± targeted at the logistics and 
transportation solution providers 
The training programme, if targeted at the employees of the logistics and 
transportation sector could additionally explain use of GNSS based telematics 
in logistics and transportation sector.  
 
Learning Outcome: The learners would be able to develop an 
understanding of the fundamental theory of satellite positioning and 
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gain knowledge about practical applications in the field of logistics and 
transportation sectors at the end of the training programme.  
 
The objective of this training programme could be the following bulleted 
points. 
At the end of the training programme the learners will be able to: 
 
1) Understand the history of positioning and navigation using satellites, 
fundamentals of satellites, various satellite navigation systems such as 
GPS, Galileo and GLONASS 
2) Explain the various practical applications of GNSS signals in 
logistics and transportation section and other industry segments. 
3) Explain the role, methods of use and importance of telematics in 
logistics and transportation sector 
4) Understand the future of telematics  
 
The first objective mentioned here is part of the fundamentals of satellite 
positioning course at IESSG. The next three objectives mentioned (marked in 
blue color) are oriented the application and advantage of telematics in the 
logistics and transportation. Various success stories of FEDEX and DHL express 
on successful usage telematics can also be provided to the learners.  
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6.2 Fundamental Aspects of GNSS ± targeted at the telematics solution 
providers 
The training programme, if targeted at the employees of the telematics sector 
could enumerate more on evolution of new GNSS signals and their potential 
impact in systems design. The training programme has to completely explain 
the basic concepts and applications of GNSS signals, if the learner does not 
have past experience working with GNSS applications. 
 
Learning Outcome: The learners would be able to develop an 
understanding of the fundamental theory of satellite positioning and 
the evolution of new signals and their applications to telematics at the 
end of the training programme.  
 
The objective of this training programme could be the following bulleted 
points. 
At the end of the training programme the learners will be able to: 
1) Understand the history of positioning and navigation using satellites, 
fundamentals of satellite orbits, signals and messages, various satellite 
navigation systems such as GPS, Galileo and GLONASS 
2) Understand the fundamentals of coordinate reference systems, quality 
measures and integrity 
3) Explain the growth and importance of telematics  
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4) Explain the evolutions of new GNSS signals and their application 
to telematics. 
5) Understand the future scope and limitations of GNSS in 
telematics 
 
The first two objectives mentioned here is part of the fundamentals of satellite 
positioning course at IESSG. The next three objectives mentioned (marked in 
blue color) are oriented towards the application and evolution of telematics. 
According to the analysis conducted earlier, the use of new GNSS signals and 
their impact on GNSS design is of prime importance and it is one of reasons 
why those concepts have been explained in detail. 
 
As mentioned in the analysis section, eLearning could be used as a method of 
training lesser complex training programmes such the fundamental aspects of 
GNSS. The additional design aspects that need to be considered include the 
kind of instructional media that can be used to conduct the learning 
curriculum. Blended learning could be a recommended solution; blended 
learning combines face-to-face interaction and online training (blackboard.com). 
 
One of the methods that could be used is to have an online training which 
would allow the learners to attend the training from any part of the world. The 
online course could involve interactive games and videos that capture the 
attention of the learner. The idea of face-to-face interaction can be 
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incorporated with the instructor conducting live discussion sessions through 
video-conferencing; this would help the learners to communicate their queries 
to the instructor.  
 
The implementation of elearning/blended learning could be a mid-term 
recommendation for GRACE as the setting up of a learning management 
system could take time for implementation; learning management systems is a 
software application that deals with enrolling, reporting and monitoring the 
status of completion of the online training programme (Ellis, 2009). 
 
 
6.3 GNSS Integrity and Limitations 
An important area that needs to be addressed is the integrity of GNSS signals, 
their limitations and how these limitations actually affect the telematics/road 
user charging. Some of the limitations on reliability, integrity and availability of 
GNSS has been explained this report. This training programme is designed to 
help developers and engineers to understand those limitations and the 
methods to minimize /overcome those limitations. The royal institute of air 
QDYLJDWLRQ¶VUHSRUWRQ*166UHOLDQFHDQGYXOQHUDELOLWLHVZDVXVHGWRGHFLGHRQ
some of the objectives (Royal Institute of Air Navigation, 2009). 
 
Learning Outcome: The learners would be able to develop an 
understanding of the integrity of GNSS signals and methods to 
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overcome the limitations of GNSS signals at the end of the training 
programme.  
 
The objective of this training programme could be the following bulleted 
points. 
At the end of the training programme the learners will be able to: 
1) Understand the various factors that limit the integrity of GNSS signals 
2) Understand the current issues that could affect the availability, accuracy 
and reliability of GNSS signals  
3) Explain the methods to overcome the limitations and develop 
best practices in the area of telematics/road user charging. 
 
The training programmes ³GNSS Systems Design´ DQG ³GNSS Integrity 
and Limitations´ are fairly complex training programmes. The use of 
classroom training is the best training solution that could offer maximum 
effectiveness to the learner. But certain elearning tools such online discussion 
forums, training related videos in lectures can be used to enhance the class 
room training. 
 
6.4 GNSS Systems Design 
This training programme can be specifically tailored for application 
developers/engineers addressing the needs of telematics and road user 
charging equipment manufacturers. As some of the topics in the training 
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programme are too complex for understanding, topics that could be tailored to 
meet the requirements of the target audience are just mentioned below.  
 
Learning Prerequisite: The learner needs to possess an understanding about 
GNSS signals in order to gain maximum value from the training programme. 
Otherwise, some of the fundamental aspects of GNSS need to be explained to 
the learner. 
 
Learning Outcome: The learners would be able to develop an 
understanding about the various methods of usage of multiple GNSS 
signals, systems design and receiver positioning, best practices and 
results in telematics, at the end of the training programme.  
 
Some of the important topics that could be covered as part of the training 
programme include; Usage of multiple GNSS signals, Optimum Receiver 
Positioning, Design, Constraints of design, and best practices of a good 
design in telematics. 7KHVH WRSLFVDUHEDVHGRQ WKHSDSHUV ³Platforms for a 
)XWXUH *166 5HFHLYHU´ (insidegnss.com, b) ³Worldwide Trends in GNSS 
Development and their Implications for Civil User Performance and Safety´
(Pullen, 2007) and views of the interviewees (Refer Appendix G))  
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6.5 Potential Challenges 
Now, that the learning outcomes and training programmes have designed, it is 
important to evaluate some of the potential challenges to the successful 
implementation of the training programme.  
 
Evaluation of existing knowledge level of the audience: This is one of the 
biggest challenges that any training organization would face. It is very difficult 
to judge the cognitive level of the learners. There are different methods to 
judge the existing knowledge level of the target audience; one of the methods 
is to conduct participant surveys before the course is designed. This is 
explained in detail in the recommendation section. 
 
Mapping theoretical concepts with practical applications: Some of the 
concepts especially training programmes related to systems designs, GNSS 
integrity and limitations are complex. The professional engineers and designers 
from telematics/road user charging equipment developers might find the 
concepts difficult to relate their job scenarios. The effectiveness of the training 
programme delivered completely depends on the ability of the instructor to 
capture the attention of the learners and enable them to relate the theoretical 
concepts to their job scenarios. 
 
Implementation and usage of elearning tools: As mentioned before, 
building the infrastructure for e-learning is one of the potential challenges, it 
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requires creating a learning management system, a system that manages the 
online training including completion of the training programme, creating the 
online training, and ensuring that both the instructor and the learner are 
knowledgeable about handling elearning tools.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
102 
 
 7. Recommendations 
In this project, the analysis for the training need for global navigation satellite 
systems (GNSS) applications have been conducted, specific training needs 
have been identified to address the requirements of target audience. Further 
the design of the training has been performed i.e. formation of the learning 
outcomes and the key objectives that makes the training programmes suit the 
target industry and audience. Here a few recommendations for GRACE, that 
could be implemented in the near future. The recommendations can be 
classified as the short-term, mid-term and long term changes that may help 
GRACE create and sustain their competitive advantage in the field of GNSS 
training.  
Here is a road map of the chapter. 
 
Figure 17: Road Map of recommendations chapter 
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7.1 Short Term Recommendation 
This recommended solution can be implemented within the next six months. 
Conducting Participant surveys: As mentioned in the analysis and design 
phase, it is very important that the training programmes delivered needs to be 
tailored to the level of understanding of the learning audience, for the learners 
to gain maximum benefit /value from the training programme. This requires an 
understanding of the current knowledge level of the learners. But, how to 
judge a learner¶V existing knowledge on a subject? One of the ways to do it is 
to conduct participant surveys that contain questions on the expertise, 
experience of the learners and their desired outcomes of attending a training 
programme. For example, if the training programme is designed to target 
engineers and designers IURPWKH³Telematics´VHFWRU relevant questions on 
their existing knowledge of design, their experience of designing various 
systems can be queried upon. Questions related to whether the learners 
comfortable using e-learning tools can also be included. One of the other 
important reasons of conducting the participant survey is that it provides a 
greater understanding of the learners IRU*5$&(¶VWUDLQHUVZKRDUHSULPDULly 
researchers, lecturers and professors from the IESSG at the University of 
Nottingham. This understanding would enable them to explain in detail certain 
topics that the target audience would wish to learn more and skim through 
topics that are not concerned with the target audience. Such surveys could add 
more value to learners and the effectiveness of the training programme is 
improved.  
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NavTech GPS is one the leading companies in the U.S that manufacturers 
GNSS equipments and provides training on GNSS and its related applications. 
The course catalog provides an insight as how NavTech GPS analyzes the 
knowledge level of the learners2QHRIWKHLUUHFHQWFRXUVHV³Using Advanced 
GPS/GNSS Signals and Systems´was designed by conducting a participant 
survey. NavTech GPS seminars division designed this course after conducting a 
survey containing 130 responses from potential target audience who expressed 
what they wanted to learn from the training programme 
(Navtechgps2.intuitwebsites.com, b) 
 
7.2 Mid-Term Recommendations  
These recommended solutions can be implemented within the next year or so. 
Use of e-Learning tools: The rapid growth and gaining importance of 
elearning has been explained in the previous sections. Additional analysis, 
design factors and potential constraints to decide whether a training 
programme can be delivered using the e-learning method has also been 
discussed. With the extensive use of the internet, education via the internet 
represents great and exciting opportunities for both educators and learners. 
Furthermore, e-learning is not just computer based learning any more. 
(Iglean.co.uk)  
 
Various forms e-learning OLNHWKH³EOHQGHGOHDUQLQJ´KDYH been promoted to fill 
gaps some of the e-learning such as lack of face-to-face interaction. Though 
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these methods may not be the best learning solutions to meet the training 
need, the advantage of being a cost-effective and can be accessed anywhere 
makes it a very important type of learning solution (net.educause.edu). 
 
According the technical analysis done earlier, e-learning definitely requires a 
careful analysis of the complexity of the training programme and whether it 
can provide the same of level of understanding to the audience. Elearning can 
definitely be used to train simple courses such the fundamentals aspects of 
GNSS as these training programmes explain the basic concepts that do not 
involve complex mathematical calculations. Furthermore, the use of media 
such as audio and video would help grab attention of the learners.  
 
For training programmes that involve complex concepts and mathematical 
calculations such receiver and systems design, positioning, interpretation of 
GNSS data, e-learning aids such as discussion forums and videos can be used 
to supplement the class room learning. 
 
Create public awareness about GNSS: Another important concern that was 
is the lack of awareness about GNSS to the public especially in developing 
countries (Wan & Suresh, 2009). One of the methods of improving awareness is to 
create videos and simulations which explain some of the basic advantages of 
the use of GNSS. These videos can be hosted in the web portal of GRACE so 
that they can be viewed by the common public from any part of the world. 
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Though hosting videos for free on the web portal might affect the current 
revenue model of the organization, the purpose of these videos is just to 
promote the use of GNSS to the common public so that more and more people 
and organizations in developing countries would understand and adopt these 
technologies.  
 
One of the examples of awareness creation is the explainingcomputers.com 
site developed by Christopher Barnett, a professor at the University of 
Nottingham. Some of the basic concepts of cloud computing (use of internet to 
access software applications) have been explained through videos, to create 
awareness about the basics and use of cloud computing 
(explainingcomputers.com). 
 
7.3 Long Term Recommendations 
This recommended solution might help the GRACE on a long term basis.  
The current working model of GRACE, illustrates that it utilizes the resources 
mainly from the Institute of Engineering Survey and Space Geodesy (IESSG) 
at the University of Nottingham. Though the researchers and professors from 
the IESSG possess an array of skills for education and training, it could be 
beneficial for GRACE to utilize the talent i.e. professors and experts associated 
with other government institutions and universities to train professionals from 
various industries. This might provide opportunity for GRACE to improve their 
training programmes. For instance, NavTech GPS of the U.S. develops 
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specialized course materials in collaboration with a rich pool of experts from 
the Navward GPS Consulting, University of Colorado at Boulder, Ohio 
University and Raytheon missile systems (Navtechgps2.intuitwebsites.com, b).  
Some of the institutions and universities that GRACE can establish 
relationships include:  
1) Royal Institute of Air Navigation 
2) University of Newcastle 
3) Coventry University 
4) Government Institutions like ION, GSA and ESA 
 
Also, if GRACE plans to invest in training employees from the logistics and 
transportation sector, associations can be created to with the telematics 
solutions providers.   
 
Figure 18: A future recommendation model that would help GRACE design and develop training 
programmes 
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8. Challenges Faced in the Project 
There were some challenges faced while completing this project: 
1) One of the major challenges working on this project was the time 
constraint involved in getting and managing interviews as July-August 
was a vacation period. More interviews could have been conducted if 
there was more time. 
 
2) As this project involved performing a training need analysis and 
designing training programmes for GNSS based applications, it required 
a thorough understanding and knowledge of satellite systems, their 
applications and limitations.  
 
3) Another important challenge in this project was the availability of 
existing literature on GNSS training. The information available on GNSS 
training and target audience is minimal. This required a comprehensive 
VWXG\RIWUDLQLQJSURYLGHUV¶ZHEVLWHVWRXQGHUVWDQGWKHFXUUHQWPHWKRGV
of training.  
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9. Conclusion 
The use of Global Navigation Satellite Systems has attained phenomenal 
growth over the last two decades. These satellite signals have positively 
influenced many industries. Various governments in Europe, China and Russia 
have understood the possible applications of GNSS signals and have made 
major investments in launching new satellite systems. These new satellite 
systems produce signals that significantly influence various other industrial 
applications.  
 
A number of universities, government institutions and companies 
predominantly in the U.S and Europe provide training in various aspects and 
applications of GNSS signals. An analysis of the training modules currently 
offered clearly shows the lack of tailor made industry specific training. 
 
The market analysis of GNSS applications clearly shows that potential sectors 
for future investment are the location based applications used in mobile 
phones and in-vehicle navigation devices. The logistics and transportation 
sector has benefitted by efficient fleet management, vehicle tracking devices 
and software applications. This has been made possible by the use of satellite 
signals that provide accurate positioning, navigation and timing information 
(GSA Market Report, 2010). 
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With the growth of communication and internet technology and the launch of 
new satellites, new and improved opportunities are created for the existing and 
new industries. These changes present a training need that presents a 
business opportunity for GRACE. 
 
The results of the training need analysis shows that the telematics sector 
which utilizes the GNSS signals to produce vehicle tracking and fleet 
management devices and applications could serve as a target industry to train 
engineers and designers. The potential use of GNSS signals for road user 
charging to avoid traffic congestion in the U.K presents an opportunity to train 
the service providers on various improvements in equipment design. The 
awareness about the benefits of using GNSS based telematics must be created 
for logistics and transportation sector. 
 
The training programmes that are designed are tailor made to the industry 
requirements; suit the current working model of GRACE, and knowledge level 
of the audience. The list of recommendations made to GRACE included careful 
but necessary adoption of the blended learning is essential in the near future.  
 
The report can be concluded that the scope for industry specific GNSS training 
is potentially unexplored and the telematics, logistics and transportation sector 
presents a great opportunity for GRACE to design and develop tailor made 
training programmes. 
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Appendices 
Appendix A ± This chart contains the division of GNSS market by various 
industry segments (GSA Market Report, 2010). 
 
Figure A1: A chart showing the market share of GNSS products and services in different 
industrial segments. 
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Appendix B: These charts contain number of GNSS devices that are expected 
to be sold by 2020 in the four industrial sectors (GSA Market Report, 2010): 
 
 
Figure A2: Two showing the sale of GNSS products and services by 2020 in different industrial 
segments. 
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Appendix C: The three types of evaluation are given below (Allen, 2006): 
 
Table A1: A table showing the various type of evaluation 
 
 
 
 
 
 
 
 
 
 
 
Types of 
Evaluation Description 
Formative 
Evaluation 
This includes the product and process evaluation carried 
out during Analysis and Design Phase. It also includes the 
validation of course materials during the Development 
Phase. 
Summative 
Evaluation 
It consists of the operational tryouts made during the final 
step of the development phase. 
Operational 
Evaluation 
It consists of both internal and external assessment of 
training implementation. 
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Appendix D: This table explains the various types of interviews that can be 
conducted as part of the investigation process (McArdle, 1998) 
Type of Interview Description 
Unstructured 
Only the chosen area of interest is selected for discussion. 
The formulation and ordering of questions is based on the 
instincts of the interviewer. 
Partially 
Structured 
The area of interest is chosen and questions are 
formulated. The order of asking the questions may 
change and new questions may be added. The questions 
are mostly open ended and the responses are thoroughly 
recorded.  
Semi structured 
The questions and their order of presentation are 
predetermined and open-ended. The essence of each 
response is recorded. 
Structured 
Questions are predetermined and interviewers would be 
able to decisions as when the responses are given.  
Totally structured 
The order, questions and phrasing of the responses are 
fixed. The interviewees are presented with alternatives 
for each answer. 
 
l Table A2: A table showing the various types of interviews 
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Appendix E: This appendix contains the list of verbs that can be used to 
frame objectives (Gagne et al, 1979).  
Capability Capability Verb 
Intellectual Skill DISCRIMINATES 
Concrete Concept IDENTIFIES 
Defined Concept CLASSIFIES 
Rule DEMONSTRATES 
Higher-order Rule GENERATES 
Cognitive Strategy ORIGINATES 
Information STATES 
Motor Skills EXECUTES 
Attitude CHOOSES 
 
l Table A3: A table showing the list of verbs that can be used to frame objectives 
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Appendix F: This table contains the list of professors, researchers and industry experts who participated in the 
interview process. 
 
S.No 
Name and 
Designation 
Company or 
Organization 
they work for 
Email ID Reason for Selection Reference Website 
Interview 
Method 
1 
Professor David 
Last, Consultant 
Engineer 
Consultant 
jdl@navaid.d
emon.co.uk  
Professor David Last is an expert on 
radio navigation and acts as a 
consultant for companies and to 
governmental and international 
organizations. 
http://www.professorda
vidlast.co.uk/page.aspx?
pt=home 
Phone 
2 
Professor 
Washington 
Ochieng, Chair of 
Positioning and 
Navigation 
Systems 
Imperial College 
Engineering 
Geomatics 
Group 
w.ochieng@i
mperial.ac.u
k 
Professor Washington Ochieng is an 
expert is position and navigations 
systems design and applications. He 
has worked in the areas of surveying 
and transport telematics. 
http://www.geomatics.cv
.imperial.ac.uk/html/Staf
f/staffDetails.asp?id=WY
O 
Phone 
3 
Boris Kennes, R & 
D and market 
monitoring officer 
GSA 
Boris.KENNE
S@gsa.euro
pa.eu  
Borris Kennes is a market expert in 
the area of satellite navigation. 
http://www.gsa.europa.e
u 
Skype 
4 
Reinhard Blasi,  
GSA Project 
Officer, G-Train 
Project 
GSA 
Reinhard.BL
ASI@gsa.eur
opa.eu  
Reinhard Blasi is the project officer of 
the G-Train project. The G-Train 
project deals with education in GNSS. 
http://www.gsa.europa.e
u 
Skype 
 
Some important excerpts from the interviews: 
Prof. David Last: The road transport devices and mobiles phones are the future markets for GNSS. Tailor made Training from universities is 
absolute necessary in areas of systems design. Awareness about GNSS limitations and vulnerabilities is essential. Apart from logistics and 
transportation, maritime can be looked into for training. Elearning would be the future of learning and it is necessary to promote it.  
Borris Kennes: The growth of GNSS would primarily be in location based and mobile services. GNSS is a complex technology and needs 
careful understanding. Awareness about the use of GNSS needs to be created and industry specific training is necessary.  
Reinhard Blasi: GNSS is a complex technology. The growth of GNSS would be in the logistics and transportation sectors, and training is 
required for both users and developers of GNSS systems. Tailor made Training is required in designing systems. Elearning could be used in 
future for training. 
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S.No 
Name and 
Designation 
Company or 
Organization 
they work for 
Email ID Reason for Selection Reference Website 
Interview 
Method 
5 
George Shaw, 
Research and Radio 
navigation 
directorate 
General 
Lighthouse 
Authorities of UK 
and Ireland 
george.shaw
@gla-
rrnav.org 
Mr. George Shaw is an expert in 
systems engineering and performing 
analysis of robust GNSS-based 
solutions for positioning and 
navigation across air, land and sea 
domains. 
http://www.gla-rrnav.org/ Phone 
6 
Dr. Craig Hancock, 
Lecturer  ? Faculty of 
Engineering 
IESSG 
Craig.Hancoc
k@nottingha
m.ac.uk 
Dr. Craig Hancock is a lecturer at the 
IESSG.  
http://www.nottingham.ac.uk/i
essg/people/craig.hancock 
In-Person 
7 
Dr. Marcio Acquino, 
Principal Research 
Fellow 
IESSG 
Marcio.Aquin
o@nottingha
m.ac.uk 
Dr. Marcio Acquino is a researcher 
who works on the TRANSMIT 
project.  
http://www.nottingham.ac.uk/i
essg/people/marcio.aquino 
In-Person 
8 
Paul Cruddance, 
Geodesy & 
Positioning Manager 
Ordanance Survey 
Paul.Cruddac
e@ordnances
urvey.co.uk 
Paul Cruddance is an expert in 
positioning technologies. 
http://www.ordnancesurvey.co
.uk/oswebsite/gps/euref2007/c
ontacts/ 
E-Mail 
 
Table A4: This table containing the list of professors, researchers and industry experts who participated in the interview process 
 
Some important excerpts from the interviews: 
George Shaw: GNSS market would continue to expand in location based services and road navigation. The limitation that affects GNSS from 
entering into aviation, maritime is the lack of reliability and integrity. Galileo can improve these factors. Awareness needs to be created about 
the vulnerability and limitations of GNSS. Elearning could be used in future for training. 
Dr. Craig Hancock: Tailor made solutions are a mandatory in GNSS training and telematics as a future industry. GNSS receiver positioning 
and design could be target areas. Universities can provide this training. Elearning requires careful adoption and requires the learner to be 
proficient in learning. 
Dr. Marcio Acquino: GNSS is a complex technology. The mobile phones and road navigation are the future markets of GNSS. GNSS 
capabilities are limited by solar effects on the earth atmosphere. The high precision applications are affected. TRASMIT, a project undertaken to 
study the effects of solar maximum and suggests necessary remedies. 
126 
 
Appendix G: These the list of questions that were asked as part of the 
interview process 
 
Questionnaire 
1. How is the GNSS (Global Navigation Satellite System) market 
currently performing and in what direction it is headed towards? 
2. $FFRUGLQJ WKH*6$¶V (GNSS Supervisory Agency),  market report on 
the future of GNSS over the next 10 years, the usage in the location 
based and mobile services top the list. GNSS related products are 
currently being used in various sectors such as aviation, agriculture, and 
rail, space etc. which other sector do you think will maximize their use of 
GNSS products/applications over the next ten years? 
3. What aspect of GNSS for e.g.: inertial navigation, kalman filtering or 
timing do organizations mostly use? 
4. Do you think organizations across different industries struggle to 
maximize the utility of GNSS applications due to lack of understanding or 
inadequate training? 
5. Do you think training on GNSS applications is required for organizations 
to improve their performance? 
6. Which kind of people within the organization would require GNSS 
training? Either the middle or lower level management or the basic 
employees in the organization? 
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7. There are lot of companies and institutions that provide different format 
of training. Do you think GNSS training has a future market? 
8. With the use of upcoming technologies and the expanding use of the 
internet, where do you think the future of training is going towards? 
9. Do you feel e-Learning or blended learning would be a good approach 
towards GNSS training? 
10. Many initiatives have been taken by the ION (Institute of 
Navigation), GSA (GNSS Supervisory Agency), ESA (European 
Space Agency) towards GNSS training by conducting seminars, 
conferences, summer schools to name a few. What else could these 
organizations do to improve awareness about GNSS and its applications? 
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Appendix H: This table contains a list of universities, government 
institutions and companies and their websites. The information on each of 
websites was analyzed to evaluate their current methods/type of training 
(results listed in Appendix H) and the subject area of training (the results of 
analyzing the training providers are mentioned in the Analysis chapter of the 
report). 
 
S. no 
Organization/
Institution Website 
1 
Institute of 
Navigation 
(ION) 
http://www.ion.org/meetings/gnss2011/tutorials.cfm  
2 NavTech GPS http://navtechgps2.intuitwebsites.com/SEMINARS.html  
3 Trimble http://www.trimblelms.com/tr_open_main_main.asp  
4 CBIL http://www.cbil.co.uk/services/gnss-training/ 
5 
United Nations 
Office for Outer 
Space Affairs 
(UNOOSA) 
http://www.oosa.unvienna.org/oosa/en/SAP/gnss/icg/edresourc
es.html  
6 
University of 
Bern -
Astronomical 
Department 
(AIUB) 
http://www.aiub.unibe.ch/content/research/gnss/gnss___resear
ch/index_eng.html  
7 
European Space 
Agency (ESA) 
http://www.esa.int/esaNA/SEMESYJOXDG_index_0.html  
8 
GNSS 
Supervisory 
Agency (GSA) 
http://egnos-portal.gsa.europa.eu/news/register-for-galileo-
application-days-special-sessions 
9 G-Train http://www.g-train.eu/ 
10 Sprient 
http://www.spirent.com/Search%20Results.aspx?searchQuery=
training&&start=10&filtersVisible= 
11 
GFG2 - GNSS for 
GEOSS & GEEO 
http://www.gfg2.eu/about  
12 GPS.gov http://www.gps.gov/  
13 
NASA GNSS 
Division 
http://gpshome.ssc.nasa.gov/  
14 
International 
GNSS Service 
(IGS) 
http://igscb.jpl.nasa.gov/overview/links.html#relatedntwk 
15 
University of 
Maine (United 
States) 
http://www.gnss.umaine.edu/courses.htm  
16 
GNSS Solutions 
Ltd. 
http://www.gnsssolutions.com/ION_GNSS_2010_Tutorials_Seminars.html  
17 Multi GNSS http://www.multignss.asia/organization.html  
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S. no 
Organization/
Institution Website 
18 
London Centre 
for GNSS 
Research 
(LCCR) 
http://www.geomatics.cv.imperial.ac.uk/html/lcgr/introduction
_lcgr.html 
19 
University of 
Newcastle 
http://www.ncl.ac.uk/cegs.cpd/cpd/gnssabout.php  
20 
University of 
Nottingham 
(IESSG and 
GRACE) 
http://www.nottingham.ac.uk/iessg/index.aspx  
21 
GPS Solutions 
(Journal) 
http://www.springer.com/earth+sciences+and+geography/geo
physics/journal/10291 
22 Geomattix  http://geomattix.com/  
23 
RLA 
Geosystems  
http://www.gps-trainer.com/  
24 GPSTraining  http://www.gpstraining.co.uk/courses.php?col=5&cur=1  
25 CyberSWIFT  http://www.cyber-swift.com/index.htm  
 
Table A5: A table containing a list of GNSS related universities, government institutions and 
companies and their websites.
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Appendix I: This table contains the organizations, universities and institutions analyzed for the type of learning 
RIIHUHG³Y´PHDQVWKHFRUUHVSRQGLQJWUDLQLQJSURYLGHURIIHUVWKHPHQWLRQHGW\SHRIVROXWLRQ³1´PHDQs that particular 
training programme is not offered. 
S.No 
Organizations, 
Institutions 
and Training 
Providers 
Type of 
Training 
Provider 
Country eLearning 
Blended 
Learning 
Location 
Based 
Training 
(Onsite) 
Location 
Based 
Training 
(Offsite) 
Tailor 
Made 
Training 
Online 
Tutorials 
Workshops 
Seminars 
and 
Conference 
Summer 
Schools 
Competition Research 
Post 
Graduate 
Degrees 
in GNSS 
1 
Institute of 
Navigation 
(ION) 
Government 
Institutions 
U.S.A N  N N Y N Y Y Y N Y N N 
2 NavTech GPS Companies U.S.A N  N Y Y Y N N N N N N N 
3 Trimble Companies U.S.A Y Y N Y Y Y N N N N N N 
4 CBIL Companies U.K N N Y Y Y N N N N N N N 
5 
United Nations 
Office for 
Outer Space 
Affairs 
(UNOOSA) 
Government 
Institutions 
Austria N  N  N  Y N  Y Y Y Y N Y N 
6 
University of 
Bern -
Astronomical 
Department 
(AIUB) 
Universities Germany N  N N N  N N N Y N N Y Y 
7 
European 
Space Agency 
(ESA) 
Government 
Institutions 
France N  N  N  N  N  N  Y Y Y Y Y N 
8 
GNSS 
Supervisory 
Agency (GSA) 
Government 
Institutions 
Belgium N  N  N  N  N  Y Y Y N Y N N 
9 
G Train 
(Project) 
Government 
Institutions 
Germany N  N  N  N  N  N  N  y N N Y Y 
10 Sprient Companies U.K. Y N N Y Y Y N Y N N N N 
11 
GNSS for 
GEOSS & GEEO 
(GFG2) 
Government 
Institutions 
Spain N  N  N  N  N  N  Y Y N N N N  
12 GPS.gov 
Government 
Institutions 
U.S.A N  N  N  N  N  Y N N N N N N 
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S.No 
Organizations, 
Institutions 
and Training 
Providers 
Type of 
Training 
Provider 
Country eLearning 
Blended 
Learning 
Location 
Based 
Training 
(Onsite) 
Location 
Based 
Training 
(Offsite) 
Tailor 
Made 
Training 
Online 
Tutorials 
Workshops 
Seminars 
and 
Conference 
Summer 
Schools 
Competition Research 
Post 
Graduate 
Degrees 
in GNSS 
13 
NASA (GNSS 
Division) 
Government 
Institutions 
U.S.A N  N  N  N  N  Y N N N N N N 
14 
International 
GNSS Service 
(IGS) 
Government 
Institutions 
U.S.A N  N  N  N  N  Y N N N N N N 
15 
University of 
Maine (United 
States) 
Universities U.S.A Y N N N  N Y N N N N N N 
16 
GNSS Solutions 
Ltd. 
Companies U.S.A Y N Y Y Y Y N Y N N N N 
17 Multi GNSS 
Government 
Institutions 
Japan N  N N N  N Y Y Y N N N N 
18 
London Centre 
for GNSS 
Research 
(LCCR) 
Universities U.K N  N  N  N  N  N  N  N  N  N  Y N 
19 
University of 
Newcastle 
Universities U.K N  N  N  Y  N  N  N  N  N  N  Y Y 
20 
University of 
Nottingham 
(IESSG and 
GRACE) 
Universities U.K N  N  N  Y  Y Y N  N  N  N  Y Y 
21 
GPS Solutions 
(Journal) 
Companies U.S.A N  N  N  N  N  Y N N N N N N 
22 Geomattix  Companies U.S.A Y N N N N Y N N N N N N 
23 
RLA 
Geosystems  
Companies U.S.A Y N N N N N N N N N N N 
24 GPSTraining  Companies U.S.A Y N N N N N N N N N N N 
25 CyberSWIFT  Companies U.S.A Y N N N N N N N N N N N 
Location Based Training (Onsite) involves providing training in the location of the customer. Location Based Training (Offsite) means training at 
the location of the training provider.
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Appendix J: Two webinars were attended during the course of this project. 
Both of them were conducted by the GPS World. Here are the details. 
 
Doing GNSS Business in China (conducted on July 21, 2011): This 
webinar explains that China is a potential market for future investment for 
some of the western companies. Some of the research that needs to be done 
before entering into partnership with Chinese industrialists was explained in 
the session. This webinar provided valuable information about the future 
prospects of GNSS and related applications in developing country like China. 
The details of the discussion are provided in the GPS World website 
(GPSworld.com, a). 
 
LightSquared Watch (conducted on August 18, 2011): This webinar deals 
with the concern of GPS community over the interference of radio signals 
produced by a company LightSquared subsidiary LLC that plans to provide a 
wholesale, nationwide wireless broadband network integrated with satellite 
coverage. LightSquared will combine existing mobile satellite communications 
services (formerly known as SkyTerra) with a ground-based wireless 
communications network that uses the same L-band radio spectrum as the 
satellites (PNT.gov, 2011). 
 
The GPS community is worried as the base stations of the LightSquared 
network will transmit signals in a radio band immediately adjacent to the GPS 
frequencies. 
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LightSquared broadband signals also are likely to affect the high precision 
application users using satellite signals from Galileo (Europe) and QZSS 
(Japan) (GPSworld.com, b). This information was useful in evaluating the target 
industry for training. 
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Appendix K: This section explains how Sainsbury, a retain chain manages its 
third party logistics and uses telematics providers to manage its own fleet. 
 
Figure A3: A map showing the third party logistics providers and telematics services for 
Sainsbury 
 
According to a news report in multimodal, Sainsbury uses its network of third 
party logistics more than any of its counterparts. Of Sainsbury's network of 20 
distribution centres, six are operated in-house and the remaining is outsourced 
to a range of logistics service providers (multimodal.co.uk). 
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To manage their in house fleets Sainsbury uses Isotrack and Paragon to 
provide telematics services (paragonrouting.com, 24-7pressrelease.com). The major 
third logistics providers of Sainsbury include DHL Exel and Wincanton. 
(multimodal.co.uk) these third party logistics providers also use telematics to 
increase the efficiency of their operations. Both DHL and Wincanton use 
Microlise telematics. (Microlise.com, b).  
